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Foreword 


For Ansel Adams the art of photography and the practice of its craft 
were integrally linked. The transformation of a visual encounter 
with the world into a memorable photograph is the essence of what 
every serious photographer wants to achieve. A successful photo- 
graph is the product of a sensitive and receptive mind and a well- 
executed sequence of actions in the field and darkroom. 

The Negative — and the other volumes in The Ansel Adams Pho- 
tography Series — is a detailed summation by Ansel Adams of a life- 
time in photography, With the passage of time, many films and 
much of the equipment discussed in the text have been replaced by 
a new generation of materials and equipment with different charac- 
teristics and capabilities. 

Yet the concepts and imaginative techniques and procedures de- 
scribed by Ansel in The Negative generally remain as valid and useful 
as they were when he first hegan to write about them decades ago. The 
most important lesson to be gleaned from Ansel's writing is an ap- 
proach to photography — a philosophy, a methodology, For this rea- 
son, Ansel's trustees and his publisher, Little, Brown and Company, 
have continued to publish The Negative just as Ansel wrote it in its 
final edition (1981]. To bring the materials and practices up-to-date, 
John Р. Schaefer has written a modem interpretation based on The 
Ansel Adams Photography Series. The Ansel Adams Guide: Basic 
Techniques of Photography, Books 1 and 2, attempt to clarify and sim- 
plify Ansel's sometimes difficult technical writing, and to apply his 
approach and techniques to contemporary materials and equipment, 
We hope the combination of the two series will prove to be most 
helpful and stimulating as you pursue your work in photography, 


The Trustees of the Ansel Adams Trust 


Introduction 


This, the second volume of my revised series on photography, intra- 
duces a contemporary approach to the negative and considers the 
characteristics of modern films and processing. Throughout this se- 
ries, visualization 1s the underlying objective; the craft and technical 
aspects, while important in themselves, should always be subser- 
vient to the expressive concepts of the photographer — necessary 
bur not dominant! 

It is important to realize that the expressive photograph [the "cre- 
ative” photograph) or the informational photograph does not have 
directly proportional relationship to what we call reality, We do not 
perceive certain values in the subject and attempt to duplicate them 
in the print. We may simulate them, if we wish to, in terms of 
reflection density values, or we may render them in related values 
of emotional effect. Many consider my photographs to be in the 
"realistic" category. Actually, what reality they have is in their 
aptical-image accuracy; their values are definitely “departures from 
reality." The viewer may accept them as realistic hecause the visual 
effect may be plausible, but if it were possible to make direct visual 
comparison with the subjects, the differences would be startling. 

The key to the satisfactory application of visualization lies in 
getting the appropriate information on the negative, This can be 
compared to the writing of a musical score, or the preparation of 
architectural designs and plans for a structure, We know that mu- 
sicianship is not merely rendering the notes accurately, but perform- 
ing them with the appropriate sensitivity and imaginative 
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communication. The performance of a piece of music, like the print- 
ing of a negative, may be of great variety and yet retain the essential 
concepts. 

The first step of visualization is image management, presented in 
Book 1 /The Camera). which relates to point-of-view and the optical 
and camera-adjustment control of the image up ta the moment of 
exposure. In this volume we shall be discussing the control of image 
values as determined by exposure and development of the negative, 
and other related functions. Of course, since our ultimate obiective 
is the print, we will be considering and illustrating the concepts of 
negative-value control in terms of the Anal positive image. Book 3 
(The Print) will describe the specific refinements of printing and 
enlarging. Our purpose in this volume is to consider the visualization 
of the image values, and to describe appropriate procedures that 
make it possible to secure the optimum negative for the print as we 
visualize it. 

Although we present the visualization and technical procedures 
in separate stages, it should be understood that in practice we must 
consider the entire process in a unified manner from the start. Pho- 
tography is a complex and fluid medium, and its many factors are 
not applied in simple sequence. Rather, the process may be likened 
to the art of the juggler in keeping many balls in the air at one time! 
Each element of photography must he clearly and separately under- 
stood — ultimately at the intuitive level — before it is possible for 
them to merge into a single coherent function. With practice we 
become proficient in handling the image-management and value- 
control procedures; the interval between our first perception of the 
subject and the completion of visualization and the required tech- 
nical procedures becomes surprisingly short. 

Before I understood the basics of applied sensitametry [which 1 
later interpreted through the Zone System) I exposed my negatives 
by trial-and-error methods, supported by growing experience with 
my subjects and their subtle variations of lighting and contrast. Pro- 
cessing was usually "normal," although a subject known to be "con- 
trasty would receive less development and а "fat" subject would 
be given more. | would then try for the optimum print, usually corm- 
pelled to experiment with different papers, print developers, and var- 
ious manipulations in the printing process to counteract deficiencies 
in the negative. With luck I might achieve an image that pleased me. 
The process.on the whole was empirical, uncertain, and often fraught 
with failure. 

When I began teaching photography I found that I had little to 
impart other than the way J worked, and | was aware of the danger 
of merely encouraging groups of imitators. Only the strongest minds 
and imaginations can overcome this form of "parrot" education. It 
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became obvious to me that there must be some bridge between the 
hasic theory of che medium and a potentially creative means of ap- 
plication. | felt it essential to translate the arcane principles of sen- 
sitometry into a system of applied craft which would be both precise 
and adaptable by the individual to any practical or expressive aspect 
of photography. Out of this need was born the Zone System, which 
[ formulated at the Art Center School in Los Angeles with the co- 
operation of an important instructor, Fred Archer. We based our first 
plan on articles by John L. Davenport that appeared in C. 5. Camera 
in the Autumn and Winter editions of 1940. Davenport presented 
development procedures to achieve similar densities from a variety 
of exposures by applying more or less development to the negative. 
His concept was purely technical, but we thought that such an ap- 
proach could be imaginatively adapted in general work and would 
offer a considerable degree of negative exposure and development 
control for interpretive and expressive objectives. The Zone System 
proved to be more than helpful to the students and broadened the 
scope of their practical and expressive photography. | should add 
that, while there was considerable skepticism in the early days of 
the Zone System, I was honored by the approval of such important 
figures in photography as Dr. C. E. K. Mees, then director of the 
laboratories of Eastman Kodak Co., and by the technical staff of the 
Weston Electrical Instrument Co. Iam forever in debt to these people 
for encouragement in what was then a precarious invasion of the 
accepted pracedures. 

Since the early 1940s che Zone 5ystem has been further developed 
in a practical approach to the practice and teaching of photography. 
It has been both embraced and scarned, and has been subjected to 
many variations and interpretations by my colleagues [and by me'l. 
Not all have been valid, as they sometimes contradicted the prin- 
ciples of sensitometry {а branch of physical sciencel. There have also 
been variations in the concept af the scale of zones, an indication 
that it is flexible enough to be adapted to different approaches. My 
experience with contemporary materials now leads me to work with 
ascalc of zones and values from Zone Û through Zone X (maintaining 
the convention of using Roman numerals to distinguish the zones 
and values from other quantities, such as the luminance numbers 
on exposure meter scales, ete, |. On this scale, Zone ( and Zone X 
represent full black and maximum white in the image, as explained 
in the text. This scale supports the location of Zone V as the geo- 
metric mid-point, using Zone I and Zone IX as the limits af the real 
value scale that convey the full range of texture and substance. I 
assure the reader that this refinement nf carlier scales and designa- 
tions in no way alters the basic concepts of the Zone System 
approach. 
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The Zone System has not been widely recognized hy the scientific 
community. The reason appears to be that scientists are not can- 
cerned with the kind of photography that relates to intangible qual- 
ities of imagination, as distinct from the laboratory standards of 
exact physical values. It seems unfortunate that such precision of 
method and measurement as exists in manufacturers! laboratories 
should he diluted by the concepts of “average” application so obvious 
in current equipment and materials. There is today a severe gulf 
between the general public's awareness and use of photography 
|which can be described as casual and imprecise for the most part! 
and the acute precisions of the manufacturers’ laboratories. There 
are a few exceptions, but the general trend today is to apply high 
laboratory standards to produce systems which are sophisticated in 
themselves, in order that the photographer need not be! This ten- 
dency toward fail-safe and foolproof systems unfortunately limits 
the controls the creative professional should have to express his con- 
cepts fully. I am grateful for the tremendous contributions of the 
photographic industry and its scientists, but I cannot help being dis- 
tressed when "progress" interferes with creative excellence. 

[t is true, however, that for the casual photographer the fail-safe 
equipment and materials increase the likelihood of meeting with 
some success. It has been said at various times that the advent of 
certain materials obviates the need for such a vehicle of thought and 
control as the Zone System. Such a statement reflects the miscon- 
ception that the Zone System is useful only for relating subject lu- 
minance with print values as they occur with a specific set of 
materials. If the materials change, we do not discard the Zone Sys- 
tem any more than we discard sensitametry [ог our exposure meters, 
for that matter]. A change of materials often does require adaptation 
in the way we apply the Zone System, but in no way eliminates its 
principles or usefulness in creative visualization. As long as we must 
be able to work from a range of subject luminances that are to be 
represented as we want them to be by a range of gray values (or calor 
values] in a print, the Zone System seems certain to provide an cx- 
tremely useful framework. 

Another misconception is that the Zone System emphasizes tech- 
nique and craft at the expense of creativity. The Zone System itself 
does nothing of the kind, even if some of its practitioners do. lt is an 
enabling system, and it should liberate, rather than restrict, the cre- 
ative photographer. The creativity — functional or poetic — lies in 
applying the Zone System to achieve a visualized image, with almost 
no limitations on the visualization itself. 

Assuming we do our part to learn good craftsmanship, the limi- 
tations that do exist rest with the equipment and materials — the 
nature of the photographic process as it exists at a given moment in 
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history and as practiced by each of us. The evolution of materials 
has brought us the current thin-emulsion films, for example, which 
are in some ways higher in efficiency and performance than carlier 
films, but less responsive to control in processing. We must always 
be prepared to adapt to such evolutionary changes, and methods are 
given in this text to replace those in my earlier Basic Photo Series 
which no longer apply. The principles remain the same, however: 
light affects Alm, developers affect exposed film, and the negative is 
translated into a positive print with about the same procedures and 
convictions. The variations that have evolved remain controllable, 
provided we make the effort to understand them. 

I eagerly await new concepts and processes. I believe that the elec- 
tronic image will be the next major advance. Such systems will have 
their own inherent and inescapable structural characteristics, and 
the artist and functional practitioner will again strive to comprehend 
and control them. 

True freedom in concept and visualization demands a refined craft. 
I believe it is false to suggest that there are shortcuts and quick 
formulas for success in photography. I do believe, however, that the 
teaching and practice of photography can be far more efficient and 
comprehensive than they commonly are, and it is my hope that these 
books may he of some service in that direction. 


Ansel Adams 
Carmel, California 
March 1981 
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Visualization and Image 
Values 


The concept of visualization set forth in this series represents а cre- 
ative and subjective approach to photography. Visualization is а con- 
scious process of projecting the final photographic image in the mind 
before taking the first steps in actually photographing the subject. 
Not only do we relate to the subject itself, but we become aware af 
its potential as an expressive image. I am convinced that the best 
photographers of all aesthetic persuasions "see" their final phota- 
graph in some way before it is completed, whether hy conscious 
visualization ar through some comparable intuitive experience. 

It is impossible for a photographic print to duplicate the range of 
brightnesses (luminances) of most subjects, and thus photographs 
are to some degree interpretations of the original subject values. 
Much of the creativity of photography lies in the infinite range ai 
choices open to the photographer between attempting a nearly literal 
representation of the subjece and freely interpreting it in highly sub- 
jective “departures from reality." My work, for example, is fre- 
quently regarded as "realistic," while in fact the value relationships 
within most of my photographs are far from a literal transcription 
of actuality. I employ numerous photographic controls to create an 
image that represents "the equivalent of what I saw and felt" (to 
paraphrase a statement I heard on a number of occasions from Alfred 
Steglitz — the great photographer of the early twentieth century]. 
lí T succeed, the viewer accepts the image as its own fact, and re 
sponds emotionally and aesthetically to it. It is safe to assume that 
no two individuals sec the world about them in the same way. 

In black-and-white photography we are recording a three-dimen- 
sional subject in two dimensions and values of gray. We have con: 
siderable freedom to alter values through controls of exposure and 
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development, use of filtration, and so on, The purpose of visualiza- 
tion is to consider and anticipate these controls starting trom the 
first approach to the subject, in a way that contributes to the final 
expressive representation. The first step toward visualization — and 
hence toward expressive interpretation — is to become aware of the 
world around us in terms of the photographic image. We must ex- 
amine and explore what lies before our eyes for its significance, sub- 
stance, shape, texture, and the relationships of tonal values. We can 
teach our eyes to become more perceptive, 

We must also consider the nature of a photograph, A black-and- 
white print has a maximum range of brightnesses [reflection densi- 
ties] af about 1:100, or occasionally more, That is, the deep blacks 
of a print made on glossy paper reflect about 1/100 as much light as 
the lightest areas. No matter how great the scale of hrightnesses in 
the original subject (which can be as high as 1: 0,000] we have only 
this range of 1:100 in the print to simulate it. With some exceptions, 
а print generally uses most of this full range from black to white. 
However, just which areas of the subject are represented as black or 
as white, and the specific print values in between that represent 
other subject areas, are determined by the photographer. The deter- 
mination can be either a conscious ane to achieve the desired ren- 
dering, ar, for the unskilled, it can occur haphazardly. Approximation 
by trial and error is costly in time and resource. 

In a portrait, for example, the gray value in the print which rep- 
resents the flesh of the subject may vary over a considerable range. 
We can train ourselves to visualize in our minds the print values we 
wish to use for the flesh tones from a wide range of possibilities. Our 
choice is partly dictated by the nature of the subject and environ- 
ment, and partly by such subjective issues as the mood ог feeling for 
the subject we wish to convey and the character of our visual re- 
sponse tà it. 

“Seeing” the alternative renderings af a subject in advance pro- 
vides great latitude for creative interpretation by allowing us to apply 
Appropriate measures at all stages of exposure and processing to ful- 
fill our visualized image. Once vou begin the process of visualization, 
the final image becomes of paramount importance, and you are less 
concemed with the subject per se than with your representation of 
it. The image becomes the “enlargement of experience" of the 
subject. 

It takes some effort to learn to view a subject rich in colors and 
see it in black-and-white print values [just as it takes effort to learn 
to view the three-dimensional world of continual motion as a static 
two-dimensional image created by a lens, an aspect of visualization 
discussed in Book 1 of this series]. We should first try to “feel” the 
black, white, and middle gray tonalities in the print that will rep- 
resent the subject areas before us, using initially a simple subject 
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composed of a few broad areas of difierent luminance, Our practice 
should also include careful inspection of a wide variety of photo- 
graphs and consideration of their tonal values. Studying prints, 
whether our own or others’, helps in learning to recognize values 
and tonal separation and their relation to the subject, as well as our 
OWN responses to them: We can compare learning to identity image 
values to a musician's training for recognition of pitch, or a painter's 
awareness of subtle color values and relationships. Extensive prac- 
tice is essential! A suggested plan for practice in awareness and 
visualization is as follows: 

1. Choose à relatively simple subject and scan it for the darkest 
significant part. Take nothing for granted; at first glance a black 
cloth may appear to be the darkest area of the subject, hut on more 
careful scrutiny deep shadow areas may he found that are darker 
than the black surface of the cloth. In fact, many objects that appear 
black are only deep shades of gray: school hlackhoards, black hats, 
black cats, are not truly black in the photographic sense, since they 
possess substance and tonal variation. Such objects seen alongside 
a deep shadow area — such as a ventilator aperture or other dark 
hole — will appear merely as a very dark gray. The same subject in 
an area without deeper shadows might very well be accepted as en- 
tirely hlack, and treated as such in the visualization and in printing. 
lt is best at this point to consider all such “black” objects as merely 
dark gray. They can be rendered fully black in the print if so desired, 
but you should be concemed at first with “literal” values. 

1. Scan the subject for the lightest significant part. Again, take 
nothing for granted. The lightest object in the scene may he a white 
cloth, but the glare from à polished metal surface has far greater 
intensity than the diffuse white surface ^ under the same illumi- 
nation.* If the metal surface is a polished silver spoon on a white 
cloth, the glare fram the spoon should be distinctly hrighter in the 
final print than the white cloth. A convincing representation will 
probably show the highlights of the spoon as very small arcas of 
pure white, while the cloth will be a very light gray. But without 
the spoon, the cloth becomes the “whitest” object, and may be ren- 
dered lighter (but still with texture! in the print. Їп some situations, 
where such a cloth is a small area of the subject, it may be allowed 
to appear in the print as pare white without texture. Try throughout 
these practice stages to think of the subject values in terms of ap- 
propriate print values and the quality of textural rendering desired. 

3. Having practiced observation of the extreme values, vou can 
begin to visualize the middle of the scale. It may be helpful to begin 
by working from the extremes, that is, while visualizing the white 
arcas, begin looking at the light grays. Similarly, work fram the deep. 
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est black values to the dark grays. There is also an essential key 
reference point at the middle of the scale, known as "middle gray." 
It can be visualized by holding a standard gray card [i.e., the Kodak 
18 percent neutral gray card “| in the subject area and comparing its 
value with the middle-range subject areas. 

You will note that if you hold the gray card near a white object, 
then near a dark object, and then near both together, the gray takes 
on quite different appearances. No value has been changed, but the 
different combinations introduce subjective effects. Similar, and 
mone stimulating, results may be observed by combining colors. For 
example, place a green leaf on a red surface, then on a blue surface. 
The subjective effects vary to ап impressive degree, although the 
colors themselves are not changed. It will become clear that the 
appearance of a particular area depends as much on its relationship 
to other values as on any intrinsic property. You must learn to тес» 
ognize the importance of such relationships in your visualization. 
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The beginner's problemi is to become aware of light and tonal val- 
ues in terms of print values, and the accuracy of perception increases 
with study and practice. Some people seem to be able to visualize 
black, white, and middle gray with ease, and others have learned to 
do so through extensive practice in photography without con- 
sciously attempting visualization as such. Others must work quite 
hard to learn tà visualize something as abstract as a hlack-and-white 
photograph while viewing a subject. 

There are two further aids to learning visualization. First, it will 
be a great help to view a photograph of a subject alongside the subject 
itself. The most immediate way to do this is using Polaroid Land 
black-and-white films, since there is minimal delay between the 
attempt at visualization and seeing a print of the subject. (The spe- 
cific tonalities of the Polaroid print are not identical to those of a 
conventional print in the higher and lower values, but the differences 
are easily incorporated in the visualization process at a later stage.| 
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What the Polaroid print will dois help you bridge the distance from 
the tangible subject to the abstractness of the photograph, Even ex- 
perienced photographers frequently find something in a Polaroid test 
print that they had overlooked while viewing the subject directly. 
As your ability to visualize “literal” renderings develops you can - 
also depart from the normal exposure to observe the variations in 
value rendering and their effect on the subjective qualities of the 
image. 

Second, | strongly recommend the use of a viewing filter, The 
Wratten #90 viewing filter provides a visual indication of the mono- 
chromatic relationships of color subjects as recorded by an unfiltered 
panchromatic emulsion. “The filter does not completely neutralize 
the colors, but minimizes their visual significance, particularly 
colors of relatively low saturation [that is, low intensity of color <), 
like most color in natural environments. When colors of high satu- 
rátion are encountered, such as vivid painted surfaces, the effective- 
ness of the viewing filter is somewhat reduced. 

My preference is for the #90 filter used alone, without the added 
neutral density that is provided in some viewing filters. The added 
neutral density lowers the values of the image and, for me, increases 
the apparent subject contrast (there are also dark blue viewing filters 
which reveal subject contrast effects in color photography]. I rec- 
ommend for black-and-white a plain 2. of З-іпећ gel #90 filter 
mounted for protection in а simple open frame. The filter should be 
held in front of the eye for short intervals only, since the eye will 
adapt to the filter in time and the filter's effectiveness in suggesting 
black-and-white rendition of colors is thereby reduced. 

These aids may effectively be incorporated in the visualization 
exercises given above. First view the subject carefully and make a 
concerted effort to see its values in terms of the final print. Use the 
viewing filter at this stage to help eliminate dominant color effects, 
It can also help to view the subject with eyes nearly closed, to elim- 
inate details and reduce it to hroad areas of general value. Then, after 
again attempting to visualize the image, make a Polaroid photograph 
of the subject, adjusting the exposure if needed to obtain values that 
correspond to your sense of a "literal" recording, Study the print and 
the subject together, noting specific subject areas and the corre- 
sponding gray values in the print. Once you can clearly visualize the 
"literal" transcription of subject values, you can proceed to con- 
scious departures from realism; with practice this becomes a swift 
and certain process, 


The problems we confront in visualizing photographs include both 
concept and procedure. We are first aware of the subject for ies factual 
or subjective content. We attempt to "see" the finished image 
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through which we desire to express our concept of the subject, and 
perceive in our mind's eve certain print tonalities relating to impor- 
tant values in the subject. Only then do we undertake the technical 
steps required to produce the photograph. These are, simply stated, 
mcasuring the luminances of the subject and using this information 
ta determine exposure and development, and considering possible 
further means to control or alter the values in accordance with our 
visualized image. We thus establish, before making the exposure, a 
plan for applying all technical controls in à manner that will con- 
tribute to the desired result. 

Once visualization and plan of procedure are established, the ac- 
tual exposure and development of the negative become matters of 
purely mechanical execution. The methods applied to realize the 
visualized image constitute the craft of photography, and as such, 
must be given due attention. Chur ability to produce a finished image 
that lives up ro the potentials of our visualization will be limited by 
our command of craft, By study and practice we can achieve mastery 
of the craft, which we can then employ according to our creative 
intentions. Much of the information in the following chapters relates 
ta the craft aspects of photography, creativity itself ultimately rests 
with the "eye" and mind of the individual. 

| cannot averemphasize the importance of continuous practice іп 
visualization, both in terms of image values as described herein and 
ülso incorporating the image management considerations discussed 
in Book 1. We must learn to sec intuitively as the lens/camera sees, 
and to understand how the negative and printing papers will respond, 
It is a stimulating process, and опе with great creative potential. 


Chapter 2 


Light and Film 


In learning to visualize image values we should understand that what 
we sec with our eyes is not the same as what a photographic film 
"sees" in the camera. In Book | we considered the differences be- 
tween the visual image and that of à camera in terms of image man- 
agerment. Similar distinctions must be understood between our 
visual images and the scale of values of a photograph. These arise 
from: the nature of light itself and the way it is perceived by our eyes 
and recorded on film. If we fail ta recognize thesc differences, we 
will be frequently disappointed that our photographs do not repre- 
sent the subject as we saw it, or thought we saw it, when making 
the exposure. 


THE ELECTROMAGNETIC SPECTRUM 
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Light is simply the type of electromagnetic radiation to which the 
human eye is sensitive. Such radiation can be considered in terms 
af a continuous spectrum which includes, in addition ta light, radio 
waves, radar, X-rays, gamma rays, and other forms of radiant en- 
ergy: What distinguishes each one of these forms of radiation is the 
wavelength — the distance from one wave "crest" to the next — 
which сап be anywhere from many meters to less than a billionth 
of a meter. Only visible wavelengths are defined as light, and all 
others are simply termed radiation, 
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Visible radiation lies in the narrow band af wavelengths from 
roughly 400 во 700 nm.” Within this range, the wavelength deter- 
mines the color of the light we perceive, beginning with violet at the 
shortest wavelengths and proceeding through blue, green, yellow, 
and red. Beyond the red end of the visible spectrum lies the invisible 
infrared region, and wavelengths shorter than violet are called ultra- 
violet, also invisible. Both ultraviolet and infrared radiation are ca- 
pable of exposing most photographic emulsions, however, as are 
other farms of radiation such as X-rays. 


When light strikes à surface, it can be transmitted through it, ab- 
sorbed, of reflected. Ш the substance is transparent, like window 


“Qe nanometer (rm) ie 10-* meets, ar one billionth of a meter, or one millionth 
of a millimeter. 
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glass, most of the light will he transmitted, although some is inev- 
itably lost to reflection and absorption. A translucent material, like 
white Plexiglas ог tissue paper, has a considerably lower transmis- 
sion and diffuses the light passing through it, while opaque sub- 
stances transmit no visible radiation, The proportion of light that is 
transmitted, absorbed, or reflected is often a function of wavelength, 
if some wavelengths are transmitted or reflected in greater amounts 
than others, we perceive a characteristic color for that object. © 


Incident light 


Objects that we see and photograph are illuminated by incident light 
falling on them from sun and sky, or from artificial light sources. 
The incident light, or ominance, can be measured in units of foot- 
candles, which originally referred to the illumination provided by a 
"standard candle" located one foot from a surface. 

An incident light meter “is used to measure the amount of light 
falling on a subject 4s one means of determining camera exposure. 
Such meters contain a diffusing hemisphere ar disc over the photo: 
cell to "average" all the light falling on them. The incident light 
meter is held at the subject and usually directed toward the camera, 
sû that all light incident upon the side of the subject being photo- 
graphed is integrated in the single reading. 


Rellected Light 


In most photography we record light reflected from the subject, 
rather than the light incident upon it. My approach to photography 


involves control of the relationship between the /uminances (те 
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flected light) of the subject and the print values that | want to rep- 
resent those areas. Using an incident light meter omits entirely 
measurement of the actual reflected light that forms the image on 
film, and thus severely limits the opportunity to evaluate individual 
subject areas and apply controls to achieve à creative, visualized 
image. Careful evaluation af reflected light is a far more positive 
approach. 

The luminance of a subject area is measured in units of candles- 
per-square-foot.* The total luminance of a surface is determined by 
the amount of light incident upon it and a property of the surface 
known as its reflectance. The reflectance of a substance is expressed 
às à percentage that indicates the proportion of incident light that 
is reflected by that material. It is because of differences in reflectance 
that we perceive some objects as "white" and others as "black," 
regardless of whether we are viewing them under bright daylight or 
low-level illumination. A deep black material may reflect less than 
2 percent of the incident light, while a white substance may reflect 
over 95 percent; no material, however, has 100 percent reflectance 
since some light is inevitably lost to absorption and scatter. 

Under uniform incident light the range of luminances in a subject 
is determined by the range of reflectances, which as stated above, 
can be from less than 2 percent to over 95 percent. Nove that the 
ratio af these two figures is about 1:50, and thus this is about the 
maximum luminance ratio possible far diffuse surfaces if the inci- 
dent light is totally uniform. Most subjects, however, include shad- 


"Cardles-per-square-épat are derived trom ipar-candles of incidens light in the tal 
lowing manner: If [OO fnat-candles tall upon a diffusing surface of 50 percent reflec: 
tance, 50 fopt-Lamberts will be reflected, and this quantity divided by pi (А, 1316) 
yields about Lê c/Et?. Other units applied in scientific consideration of light do mot 
relate аз directly to photographic exposure, and thas are not considered bere. 


К 


Ree paar 2 


бее jagr 159 


Light and Film 14 


ows, and the actual range of luminances we are likely to encounter 
is much higher. If, for example, a deep black material were also in 
shadow and received only one-fourth the incident light of a bright 
white surface, the total range of luminances would be 1/4:50, or 
1:200. We have already mentioned that a print can have a maximum 
range of reflectances of about 1:100, ? but a subject of 1:200 bright- 
ness range or greater can appear quite convincing within that shorter 
print scale even though the reflectances are clearly not "literal." A 
contrasty outdoor scene can have a luminance ratio of several thou- 
sand to ane, and may require the use of special controls to reproduce 
successtully in a photograph. 

It should also be pointed out that, while luminance is an absolute 
quantity, our subjective interpretation of reflective surfaces based 
on apparent brightnesses is equally important in photography. An 
interesting demonstration of this phenomenon may be prepared as 
follows: take several identical pieces of white paper and place them 
at progressively greater distances from a light source, such as а small 
window in a large room. For the sake of clear description, assume 
that the papers are placed at 4, B, 12, and 16 feet from the window. 
The relative actual luminances will then be 1, 1/4, 1/9, and 1/16 
[because of the Inverse Square Law 7, although these values may be 
modified slightly by reflections within the room. Standing at the 
window, you will observe that the nearest paper is hrightest and the 
most distant anc is the darkest gray. But you know that all the papers 
are the same, and thus you appreciate all of them as white even 
though you recognize that they have different actual values because 
of the differences in illumination. If you photographed all four, you 
would want the nearest paper to be white, and the others would be 
progressively lower values of light gray. lí you now move away from 
the window and face the second paper, it will appear white [after a 
few moments for the eye to adapt), and you would now want this 
paper to appear white in the photograph. Similarly, viewing only the 
third and fourth paper, your eye will adjust to perceive the third 
paper as white and the fourth as a light gray. And finally, of course, 
the fourth paper viewed alone will itself be seen as clearly a "white" 
object. Our eye adapts to these changes in luminance, but our un- 
derstanding of the material as “white” combines with our perception 
of its actual luminance. 

Another worthwhile demonstration is to consider an outdoor sub- 
ject of great range of light and shadow. With such high contrast the 
areas in shadow appear low in luminance and internal contrast com- 
pared with the brightly illuminated areas. The eye makes these eval- 
uations automatically, adjusting our perception of the extremes ta 
the average luminance of the entire scene. However, try looking at 
the shadowed areas through a fairly long black mailing tube, exclud- 
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ing the bright arcas. Immediately the shadowed arcas will take on 
an elevated brightness and contrast, and shapes and textures come 
to life, approaching what we would experience if we were standing 
within the shaded area, What we are seeing through the tube is the 


‘luminous world" of that area. 


Diffuse and Specular Reflection 


Reflected light is usually diffuse in character, that is, the reflections 
occur about equally in all directions from a surface that has a matte 
or textured finish. Polished mirrorlike surfaces also yield specular 
reflections where most of the source light is reflected in a Беат. The 
glare of sunlight on automobile chrome is an example, but less ex- 
treme examples occur in nature where many surfaces produce both 
diffuse and specular reflections. Any surface that appears "shiny," 
such as certain leaves ar rack surfaces, ar wet pavement, can produce 
specular highlights, as can crystalline substances like ice, sand, ог 
srw, 

Since all such scintillations are direct reflections of the light 
source, they are far brighter than a diffuse area, and they can lend a 
sense of brilliance to a photograph, Unless the specular areas are 
large, the diffuse and specular reflections combine to produce an 
average diffuse luminance value read by the meter. It is usually best 
in practical terms to try to direct the meter at areas that do not 
contain strong scintillations. 


&= Figure 1-1 
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What we call light is usually a mixture of radiation of different wave- 
lengths within the visible spectrum. ? "White" light is made up of 
a distribution of all spectral colors, although very different mixtures 
can be perceived hy the eye as white. For example, light fram a blue 
sky contains a much higher proportion of blue light than the illu- 
mination from sunlight alone or standard indoor lighting, but due to 
adjustments of the eye-hrain system, we may perceive all of these as 
white. This is a complex and profound physiological capability that 
has no counterpart in photography; color films will record tungsten 
light from a lamp in warm hues compared with the color of daylight. 
Even with black-and-white films, differences in the color of light can 
cause a shifting of the image values and alter the effects of color 
filters. 3 

When light is reflected, a truly neutral white or gray surface does 
not alter the distribution of wavelengths present in the incident 
light. Most materials, however, are not neutral and tend to reflect 
more of some wavelengths than of others, thus taking on the color 
most strongly reflected. A surface that has only a slight tendency to 
favor one wavelength in reflection will appear white or gray with a 
slight color cast. Another surface that reflects a much higher pro- 
portion of one wavelength and absorbs others will present a more 
vivid color to the eye — a higher saturation af color. А tweed fabric 
may serve as an example: if the fabric is predominantly made up af 
gray threads with а few blue threads, it will appear gray with only 
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à slight bluish cast. Increasing the proportion of blue threads will 
make the fabric a more highly saturated blue. Most colors that occur 
in nature are of relatively low saturation, hut certain artificial pig- 
ments can represent nearly pure color, 

Similar considerations occur with transmitted light and determine 
the characteristics of, for example, color Alters. ? A yellow Altër 
transmits primarily the red, yellow, and green wavelengths, and ab- 
sorbs the blues. The #12 filter is often called a "minus blue" filter 
because it withholds practically all blue light. As with reflected light, 
transmitted color can be of high or low saturation. Color filters used 
with hlack-and-white film alter the exposure of different subject 
areas by transmitting more light of seme colors and less of others, 
and thus change the relative values in the image. 


The basic components of modern photographic films were in use 
well before the start of this century, although a great number of 
refinements have occurred since. The fundamental interaction that 
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photography depends on is the chemical reduction of silver metal 
from silver halides that have been exposed to light. The term "silver 
halide’ refers to the group of compounds of silver with bromine, 
chlorine, or iodine. 

Crystals of silver halide that are exposed to light are "triggered" 
so that they will reduce to black particles of metallic silver during 
development. On exposure, the light produces an invisible latent 
image composed of crystals that will form image silver when devel- 
oped, but have not yet undergone any detectable change. Portions of 
the film which have been exposed to great amounts of light yield a 
considerable deposit of reduced silver upon development, referred to 
as à higher density; ^ areas ot film exposed to less light yield less 
silver, or lower density, Thus the image on film is negative, dark 
areas of which correspond po bright areas of the subject. When 
printed, the dense areas of the negative give relatively little exposure 
to the paper and produce a light area on the print, and the low 
negative densities produce dark print areas. Thus a second reversal 
occurs that re-establishes the original relationships of lighter and 
darker values. 

The minute light-sensitive silver halide crystals are distributed in 
an emulsion of gelatin (or similar substance), which is bonded to a 
support ar base. The emulsian is spread acrass the support material 
in one or more very thin layers of precise uniformity. One relatively 
recent advance in photographic technology is the use of "thin-emul- 
aion” coating. [Many of my best-known photographs were made on 
what we now call thick-emulsion films, and these had a somewhat 
different response to exposure and to processing controls. | 

The support material itself must be strong and transparent. Today 
it is often cellulose triacetate, a nonflammable substance (hence the 
term “safety film" — early films were made using cellulose nitrate, 
which proved to be unstable and highly flammable). A polyester hase 
material 15 increasingly being used today, especially for sheet films. 
Where maximum dimensional stability is required |ie, freedom 
from expansion or contraction), às in aerial survey and astronomical 
photography, polyester or even glass is used as the hase, 

Layers may be added to the back of the film base to prevent scratch- 
ing and curl of the film, and to avoid halatiog. Halation occurs when 
light passes through the emulsion and base, and reflects off the rear 
surface of the base, back into the emulsion, causing exposure effects 
usually visible as a halo around any bright points. The antihalation 
dye on the back of the support prevents such reflection during ex- 
posure, and then usually washes out during processing. Other means 
of avaiding halation include a coating between the emulsion and the 
base or a slight dye density within the base itself. Both of these are 
permanent, hut contribute only a slight overall density which does 
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not affect the image-density relationships in printing. An anti- 
seratch layer may be added over both the emulsion and base, and 
both sides are sometimes treated to permit retouching. 


Each film has a characteristic sensitivity to light, determined during 
its manufacture. A particular film requires a specific amount of light 
to produce the first useful density, with greater amounts of light 
yielding greater densities up to a maximum. The control of exposure 
time and lens aperture allows us to ensure that the amount of light 
reaching the film fram the subject falls within this range that pra- 
duces visible density increments, and thus а usable image. We there: 
fore must have a measure of the film's sensitivity, or speed. Various 
film speed systems have been used over the years, but the two pre: 
dominant systems today are the ASA scale (named for the old Amer- 
iem Standards Association, now American National Standards 
Institute) and the DIN (Deutsche Industrie Norm — German Indus- 
trial Standard|. The two are being combined into a single interna- 
tional standard called 150, bur the numbers and values themselves 
remain the same. 

The ASA speed of a film is represented by an arithmetic scale on 
which a doubling of the sensitivity is indicated by a doubling of the 
speed number, For each doubling of the ASA number the required 
exposure for a given scene is thus reduced by half {ог one stop]. The 
entire scale is divided into intervals equivalent to one-third stop 
exposure changes, so that every third index number represents a 
whole stop, thus: 

é4 80 100 125 160 200 250 320 400 500, etc. 7 
This relationship allows us to predict, for example, that changing 
from an ASA 64 film to an ASA 250 film will permit a reduction of 
two stops in the exposure required for a particular scene, or 1/4 the 
exposure time. 

Although most cameras and meters in the United States are cali- 
brated in the ASA numbers, film manufacturers also usually give the 
DIN speeds. The DIN scale is logarithmic, rather than arithmetic, 
so that a doubling in sensitivity is indicated by an increase of 3 in 
the film's index number. A DIN 23 film is twice as fast as a DIN 20 
film, again the equivalent of a one-stop exposure change. Thus the 
one-third stop intervals from one ASA number to the next corre- 
spond to an increase or decrease of one on the DIM scale. 
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The film speed must be set on the dial of the meter used, or on the 
camera itself if metering is built in. Beginning photographers will 
use the speed value given on the film package, but it should be un 
derstood that this number is only a guide, representing an average 
af conditions achieved in flm-testing laboratory procedures. With 
experience the photographer learns to make informed departures 
from the manufacturer's speed recommendation, based on the film's 
characteristics, the performance of his own equipment, and his pro- 
cessing procedures. A series of tests ^ should be conducted to deter- 
mine whether the manufacturer's indicated film speed is appropriate 
to your requirements. Film speed is also affected by such conditions 
as age, heat, and the time between exposure and processing of the 
film.“ 1 can assure vou that the variations are hy no means 
inconsiderable. 

One of the perplexing situations we confront is that the manufac- 
turers may change the characteristics of films (and papers) without 
clear indication on the packaging. The experienced photographer 
may be forewarned if he observes a change in the film speed or de- 
velopment instructions on the enclosed "tip sheet" [if he reads the 
tip sheet). 1 have had some distressing experiences because of this 
tendency among manufacturers, and | regret that | must issue a warn- 
ing to make frequent basic film tests, since we may not know when 
an “improvement” is being introduced! 


Examination of a photographic negative with a magnifier reveals 
that it is not made up of a continuous range of white-to-black values, 
but that such values are simulated using a controlled deposit of in- 
dividual black specks. These specks are the grain of the emulsion, 
the reduced metallic silver deposited when a halide crystal te- 
sponded to light and “developed,” It should be pointed out that the 
dark "grain" specks visible in the print are actually the spaces be- 
tween the grains of the negative; since negative grains withhold light 
during printing, they appear white in the print. 

Films manufactured with very fine grain will almost invariably 
have relatively high contrast, high resolution, ? and low speed. It is 
possible during manufacture to form crystals of larger size, producing 
an increase in speed accompanied by a reduction in the contrast and 
resolution. The photographer who needs a high-speed emulsion to 
cope with low light levels [or for other reasons 7| thus may expect 
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larger grain size along with some reduction in cantrast and a sacrifice 
of resolution. 

The appearance of graininess in the final print will depend also on 
the degree of enlargement in printing the negative. Since relatively 
high magnification enlargements аге common for small-format ngg» 
atives, the 35mm camera user in particular is frequently preoccupied 
with the issue of fine grain. In general it should be remembered that 
the grain itself is a property of the film, and therefore largely pre- 
determined once the Alm has been selected, Development and the 
manner in which the negative is enlarged © will have a secondary 
influence on the appearance of grain in the final print. Both extended 
development and high contrast in the print will increase the visual 
prominence of the grain. 

Grain size and other Factors govern the apparent sharpness of the 
final image. The terms resolution and acutance have a similar re- 
lationship to the emulsion definition as they do to the "sharpness" 
of a lens. ? Resolution refers to the ability of a film to render distin- 
guishablv very fine detail, measured by photographing a test chart 
made up of closely spaced lines. Acutance is the "edge sharpness" 
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visible in the ima ge. Among the factors influencing image definition 
is the thickness of the emulsion layer, Excessive density, produced 
by overexposure or extended development, will also cause a reduc: 
tion in definition. The choice of developer may have an additional 
influence on both resolution and acutance. 


Different films can have quite different responses to the various 
colors af the spectrum. Early emulsions were sensitive only to blue 
light, and as a result, most nineteenth-century landscape photo- 
graphs show a blank white sky. The blue of the sky was overexposed 
during the long exposure times required to record the landscape it- 
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sell, and therefore the sky printed as pure white. Some carly pho- 
overcame the problem by maintaining a separate stock of 

cloud negatives, which they deftly printed in on the otherwise blank 
skies of their landscapes. [t is always a surprise to see the same 
clouds appear in a number of different landscapes, with the clouds 
often lighted by the sun at a different angle from the landscape itself! 
By adding dyes to the gelatin emulsions, scientists learned how to 
provide sensitivity first to all but the red end of the spectrum (or- 
thochromatic sensitization}, and finally, sensitivity to the entire vis 
ible spectrum |panchromatic|. Panchromatic films used for most 
photography today are usually designated "Туре B," indicating a 
generally sensitivity over the entire spectrum under day- 
light conditions. Panchromatic Type A, most sensitive to blue light, 
and Type C, most sensitive to red [for higher effective speed under 
red-rich tungsten illumination] are relatively obsolete. Type B pan- 
chromatic films are not equally sensitive tn all colors, however. With 
their films, Kodak recommends using a #8 filter with daylight and 
$11 filter with tungsten illumination for the best approximation of 
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visual perception of values. As discussed later © the effects of filters 
must always he considered in relation to the spectral qualities of the 
emulsion used. 

Orthochromatic and blue-sensitive films are still available, and 
are most widely used in line copy of black-on-white originals for 
graphic arts applications. The most common example of a blue-sen- 
sitive emulsion is ordinary photographic printing paper; because its 
response is limited to blue light only, it may be handled and pro- 
cessed under a relatively bright yellow saiclight. Crthochromatic 
emulsions, which are sensitive to yellow light, must be processed 
under a red safelight or in darkness. 

Because panchromatic films are sensitive to the entire spectrum, 
they are processed in total darkness, In earlier days, when their speed 
was lower, panchromatic materials were often developed “by in- 
spection," using a very dim green safelight for brief examination late 
in the development process, Their spectral curve often still includes 
a slightly reduced sensitivity to green which may permit this pro- 
cedure, but 1 do not recommend it except under unusual circum- 
stances. One reason is that the negative is examined before fixing 
has removed the residual silver halides, so it has a dense, cloudy 
appearance that makes accurate density estimates extremely diffi- 
cult. Once testing ^ has been done to determine optimum time- 
and-temperature processing, there is little reason to consider 
development by inspection. 

The nature of the film affects its recording of different-colored 
subjects, The lack of red sensitivity of an orthochromatic emulsion 
causes it ta record red objects in darker-than-expected values. A blug- 
sensitive emulsion renders blues quite light, with much darker 
greens, yellows, and reds. As mentioned, “ however, very few natural 
colors are of high saturation. Both green and red objects reflect à 
small amount of blue light, and a blue-sensitive film will record 
some slight value in foliage, red rock, etc. A good reference example 
is Timothy O'Sullivan's photographs of the Grand Canyon from the 
1870s. © The skies [blue] are white, and the reddish cliffs are very 
deep and rich in tone, hut not black since they reflect some blue 
light. The shadows, illuminated by the blue light from the sky, often 
have a rewarding luminosity. The early bluc-sensitive emulsions 
possessed certain beautiful qualities and conveyed a feeling of light 
that is sometimes missing with present-day panchromatic films. 

Our visualization of image values must also include awareness of 
the color response of the material in relation to the color values of 
the light itself. At high altitudes, sky light is very strong in the blue 
and ultraviolet portion of the spectrum, and the absence of atmo- 
spheric haze may result in very high subject contrast. Surfaces that 
reflect blue strongly may thus be elevated in value compared to other 
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colors. In the red-rock country of the Southwest, on the other hand, 
the reflected light favors the red end of the spectrum. Early morning 
and late afternoon light is also strong in red, as countless color pho- 
tographs of sunrises and sunsets demonstrate, Under such red-rich 
illumination, the effective speed of an orthochromatic or bluc-sen- 
sitive emulsion drops ott dramatically, as it will under tungsten 
lighting. Orthochromatic films usually have separate published 
speed ratings for daylight and tungsten light, while a bluc-sensitive 
film: intended for process work may have only a speed or exposure 
recommendation far use with a carbon arc lamp or the equivalent 
Remember that, in general, a film loses effective speed if only part 
of the spectrum to which it is sensitized is utilized. 

Although panchromatic films are used for nearly all general pho- 
tography today, we should avoid prejudice against other emulsions 
since they may have practical and aesthetic application. Both ar: 
thachromatic and blue-sensitive films are usually capable of higher 
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contrast than panchromatic film. An orthochromatic film can be 
quite luminous in rendering foliage in the landscape since the foliage 
green is rendered relatively light, comparable to our visual response, 
caution must be exercised if the subject contains red-reflecting sur- 
faces such as certain rocks, tree bark, and flowers, since these will 
be rendered quite dark. It can also be used in portraiture, where it 
will emphasize skin features such as lips and freckles, and darken 
[sometimes excessively] а ruddy complexion. Kodak has continued 
to manufacture Tri-X Ortho film since some portrait photographers 
prefer it, particularly for photographs of men. 

A blue-sensitive film will present a bleak sky in landscapes, per- 
haps desirable in some images where a strong impression of light is 
desired. To cite another example, there is a magnificent early pho- 
tograph by Раш Strand showing a dark jug and a platter of fruit on 
a white garden table, seen from above against a dark lawn. The design 
is exciting, enhanced by the “color-blind" rendition of the lawn and 
fruit. The white table stands out vigorously against the dark back- 
ground of the grass; the fruit, too, is very dark, defined mostly by its 
outline against the white table and by sensitive recording of the 
highlights. The values are not “realistic,” but the general effect is 
spectacular, 

It should be noted that a panchromatic film can be used to simu- 
late orthochromatic or blue-sensitive rendering using filters. ? Spe- 
cialized films are also made that are sensitive to infrared radiation. 
Their response is primarily to the far-red and infrared regions of the 
spectrum, plus some sensitivity to blue light. “ The red-yellow-green 
portions of the visible spectrum are not recorded, The film thus 
“sees” radiation that is invisible to the eye, and judging exposure 
and the visual etfects of such films requires experience. Some strik- 
ing images have heen made with such materials, however, hy Minor 
White among others. | have used infrared film for low-contrast and 
hazy-landscape photographs. © 


Photographic films deteriorate over time, and the conditions of stor- 
age are thus of great importance. Unexposed film is supplied in foil 
or other vapor-tight packaging to protect it from excessive humidity. 
The temperature, however, is of great importance: under no circum- 
stances should film be subjected to high temperatures. For storage 
of a month or two the temperature should be TOF (22°C) ог lower, 
and storage of up to a year is possible if the film is refrigerated at 
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50°F (10°C! or lower, Whenever а film is refrigerated, it is essential 
that the seal on the film packaging not be broken; the humidity is 
usually quite high inside a refrigerator, and the film must not be 
exposed to such moisture. Refrigerated films must also be allowed 
to warm up to ambient temperature before the seal is broken, to 
avoid condensation of moisture in the air on the Alm surface. A 
warmup time of six hours is advisable for all films, although less 
time may be sufficient. Ш film is frozen, it requires a considerable 
time to thaw. 

Exposed films should always be processed as soon as possible after 
exposure. Kodak recommends that exposed black-and-white films 
be processed within 72 hours, or sooner if the temperature is above 
75°F (24°C) or humidity is above 50 percent. If it is nat possible to 
process the film within 72 hours, it should be sealed in an airtight 
container and refrigerated. 

Other factors that affect the deterioration of Alms include chem- 
ically active substances in the environment. Amone the potentially 
damaging chemicals identified by Kodak are certain plastics, sol- 
vents, lacquers, paints, and gases. The hydrogen sulfide fumes given 
off by sulfide toners, for example, are capable of fogging a photo- 
graphic emulsion. lonizing radiation, such as X-rays, must be 
avoided in all circumstances unless the film is fully protected by 
lead foil ar other means. 
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Exposure 


The concept of the “perfect negative" is both intriguing and exas- 
perating to the student and photographer. If exposure and processing 
are both “normal,” using recommended average techniques, it may 
seem that the negative should be "correct" even when it fails ta 
yield the anticipated print. Such a negative may contain considerable 
information yet not he adequate for interpretation in terms of an 
expressive image. There is simply too much room for error in the 
use af "average" meter readings and processing; the ability ta pro- 
duce a fine print depends on greater precision. 

If there is such a thing as a perfect negative, it is one exposed and 
developed in specific relation to the visualized values of the func- 
tional or expressive print. As our aesthetic and emotional reactions 
may not be ruled by simple numbers, we must learn how to evaluate 
each subject and understand it in relation to the materials used. Even 
so, it cannot be taken for granted that à properly executed negative 
will ensure that printing will he an casy process; the appropriate 
paper and developer combination, for example, may be elusive. But 
without careful control we are likely to have many negatives that 
defy satisfactory printing. 


The term exposure requires a definition. As our discussion of aper- 
tures and shutter speeds indicated, ^ we can give equivalent total 
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exposure to the film using relatively high intensity of light for a 
short time, or less intense light for a longer duration. Stated as a 
formula, this relationship can be expressed: 
Exposure —.Intensity x time, or E = 1 = t. 

Thus the same total exposure will occur if we increase the intensity 
of light reaching the film while reducing the exposure time propor- 
tionally, Opening the lens aperture one stop doubles the intensity of 
light at the film plane; if the shutter speed is then reduced by one- 
half, no net change of exposure occurs. Similarly we can reduce the 
intensity by closing down one stop, and compensate by doubling the 
exposure tirme,” 

We use the term "exposure" to refer to the camera aperture and 
shutter speed used to record a given subject. We should remember, 
however, that each such exposure is really a range of different ex- 
posures on the film: a dark area of the subject gives less exposure to 
the negative area recording it than does a light subject area. Only hy 
knowledgeable use af a good-quality exposure meter сап we ensure 
that this entire range of “exposures is evaluated and recorded suc- 
cessfully in a single negative im the manner determined by our 
visualization. 

Although modern equipment is of remarkable accuracy, the pro- 
cess of determining the ideal camera exposure will always involve 
à considerable degree of judgment. | can recall seeing Edward Wes- 
ton, who was not particularly af scientific persuasion, using his me- 
ter in rather unorthodox ways. He would point it in several 
directions, take a reading from cach, and fiddle with the dial with a 
thoughtful expression. “It says one-quarter second at 1/32, I'll give 
one second.’ His approach was empirical, based on long experience 
combined with very deep sensitivity and intuition, and his extraor- 
dinary results speak for themselves. My own approach relies an ex- 
perience and intuition for the visualization of the image, but 1 prefer 
a more methodical system for executing the visualized photograph. 


Exposure Meters 


The mechanics of exposure meters is described in Book 1 < and need 
not he repeated. We are concerned here with understanding their 
use, particularly the use of the reflected-light meter. | consider the 
incident meter? to be of limited usefulness since it reads only the 
light falling on the subject and omits consideration of the specific 
luminances that produce the image. 

Luminance is measured in candles-per-square-foot, but most me- 
ters today use an arbitrary scale of numbers instead of these real 
units, One advantage of reading directly in candles-per-square-foat 


*The exceptinn, the “reciprocity effect,” is discussed on pages 41—42. 
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is that a doubling of luminance is indicated by a doubling of the 
value on the meter. With the arithmetic scale numbers now used on 
most meters, however, a doubling of luminance is indicated by an 
increase of one unit on the scale. These scale units are arbitrary in 
the sense that the number 12 on such a meter invariably represents 
twice the luminance of the number 11, but does not necessarily have 
relationship to the number 12 on a different meter. 

These index numbers are read from the meter and transferred to 
a rotating calculator dial which converts them into istop and shut- 
ter-speed settings, taking into account the film speed. Interpreting 
the meter readings and making the appropriate setting on the meter 
dial requires a considerable amount of judgment, however. For now 
it is sufficient to note that a one-unit change on an arithmetic meter 
scale represents a doubling or halving of the actual luminance, and 
thus corresponds also to a one-stop exposure change, 

А general-purpose reflected-light meter reads about a 30° area of 
the subject. Lf pointed generally toward the subject it will give an 
average reading of all luminances within its field, but very often this 
reading does not yield the best exposure for securing à superior neg- 
ative. It must be understood that such a reading is nothing more 
than the average of whatever luminances happen to fall within the 
area read by the meter. IF the subject contains a roughly equal dis- 
tribution of light and dark areas, such an average may produce an 
adequate exposure, at least for a "literal" recording: it will offer no 
opportunity for creative departure from the literal. With other sub- 
jects that are not average — a single figure in front of a large dark 
wall, for instance, or à backlighted portrait — à general average read- 
ing of the area will undoubtedly lead to erroneous exposure. 

We must realize that the meter has no way of knowing what kind 
of subject it is directed at, ar the proportion of light and dark arcas 
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in the subject, It is calibrated on the assumption that the subject is 
"average." A subject in which the light and dark areas are not ap- 
proximately equal will thus lead to uncertain exposure. 

Consider as an example a large checkerboard pattern of black and 
white squares, П the checkerboard has the same number of light and 
dark squares, a general meter reading will give about the right ex- 
posure setting to record it as white and black areas. If, however, the 
surface is predominantly black with only a few white squares, we 
will get a different average reading trom it, since it will appear to the 
meter as а "darker" subject; an average reading will thus indicate 
more exposure required. Conversely if the surface contains mostly 
white with only a few black squares, the meter will indicate a higher 
average luminance level and Jess exposure required. The problem 
that arises is that, in photographing each of the three checkerboard 
arrangements we would usually want the black areas to appear black 
in the final print and the white areas white. Only one of the three 
exposure readings — the one from the normal checkerboard — will 
provide an exposure setting that is appropriate to achieve that result. 
Tao repeat: the meter assumes it is reading an average subject, as it 
was in the case of the normal checkerboard, When the distribution 
of light and dark areas is not average, the meter has no way, in itself, 
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Reading Middle Gray 


We can greatly improve the exposure accuracy by making a reading 
from a middle value within the scene — a surface of uniform humi» 
nance midway between the lightest and darkest values of the subject. 
In doing so, We must again understand that the meter assumes that 
whatever single surface we read in this way is an "average" value. 
Thus, a reading made from any uniform luminance surface used 
directly to determine exposure will give exposure settings that will 
reproduce that surface as a middie gray in the final print. 

A calibrated middle gray value exists in the Kodak 18 percent 
reflectance neutral gray card, available at most camera stores or 
bound into several of Kodak's publications. The 18 percent reflec- 
tance value is mathematically a middle gray om a geometric scale 
fram "black" to "white," and it is this value that the meter is cali- 
brated to reproduce in the final print [with exceptions noted be- 
law <). This 18 percent reflectance is a fixed key reference point, and 
functions like the "A" of the musical scale as a universally recog: 
nized basic value. 

Knowing that the meter is calibrated to reproduce this value, we 
must remember that making a reading from any single luminance 
surtace in the subject and using that reading to determine exposure 
will cause that surface to be reproduced as a middle gray in the final 
print. If we make the reading from a “black” surface in the subject, 
we can expect it to reproduce not as a black, but as a middle gray in 
the print. Similarly a reading trom a "white" subject area will yield 
an exposure setting that reproduces that arca as middle gray. The 
meter again, has no way of knowing what it is reading and "às- 
sumes” that it is an average middle value comparable to that of the 
18 percent gray card. 

If we place the pray card within a scene and take a meter reading 
from it, we are assured that the meter is measuring a middle reflec- 
tance value, and we can avoid the pitfalls of a single averaged reading 
of the entire subject. Thus, placing the gray card in Front of the three 
checkerboard surfaces described above would yield the same expo- 
sure for each. This exposure reading would reproduce the gray card 
as a middle gray, and would also ensure chat the black and white 
squares of the checkerboard will be rendered satisfactorily às blacks 
and whites. Because we are reading from the gray card instead of the 
checkerboard, the reading is not influenced by the proportion of 
white and black areas, and we obtain the same exposure for each of 
the three checkerboards, 

This approach can often be a valuable one for determining expo- 
sure in the field. It amounts to providing a known middle-gray lu- 
minance where none may exist in the subject, for purposes only of 
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making the exposure reading [for test exposures the card may be left 
in the image area, but otherwise it should be removed prior to ex- 
posure!l. If the card is under the same incident light as the subject, 
we are assured that it will have a middle-value luminance in relation 
to the subject's range of luminances. This method is similar in prin- 
ciple to using an incident-light meter, and in fact, an incident-light 
meter, properly calibrated, will give the same exposure as а reflected- 
light reading from a gray card. ? But both approaches also have the 
aame limitation: they ignore the actual different luminances of the 
subject. There is little danger in using these methods if the lighting 
is uniform, since the luminances are then determined hy the differ- 
ent reflectances of the subject, and the 18 percent gray is known to 
he the geometric midpoint of reflectances from black to white. If, 
however, the subject contains some areas in direct light and others 
in shadow, the incident light or gray card reading will provide no 
clue to the actual total range of luminances, 


Averaging High and Low Values 


We can take a further step toward refining our exposure rcadings hy 
doing the averaging ourselves from separate subject luminances, in- 
stead of relying on a single average meter reading of the scene or a 
reading from the "average" value af the gray card. The procedure 
involves examining the subject to find the darkest area where you 
wish to record detail, and similarly the lightest, After making indi- 
vidual readings of each area, you set the meter dial midway between 
them, or on the average of the two readings. We thus begin to account 
for the principal luminances of the actual subject instead of assum- 
ing that the range is average. 


Exposure 35 


Since we are now at the point of reading individual subject lumi- 
nances, a lew cautionary remarks are im order. First, be aware ol what 
you are reading. Try to measure large areas of single luminance if 
they exist in the subject. Some areas that appear from a distance as 
a single luminance will be found at closer inspection to have a range 
of discrete values. Readings can be made from such areas, but they 
must be understood to be local averages of the textures and details 
within that surface. 5econd, and very important, be sure your meter 
reads only the area you intend it to. I strongly favor the use of a 1° 
spot meter, since it provides accurate readings of even quite small 
subject areas. Ш you use a general-purpose meter that reads roughly 
a 3 area, you must he especially careful that the surface you read 
is adequately large, and you must hold the meter quite close bo it, 
but without allowing the shadow of your hand, body, or the meter 
itself to fall on the surface. Be sure to shield the meter’s cell or lens 
from direct sunlight or other light sources that will create light scat- 
ter and reflections that cause false readings. Finally, make the meter 
reading trom the direction of the camera |Irom the camera position 
itself if using a spot meter], pointing it toward the subject approxi 
mately along the lens axis. Since many surfaces reflect Some glare 
at certain angles, you want to be certain you are reading only the 
diffuse luminances or specular components as seen from the cam- 
eras position. 
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Carefully employed, the reading of high and low subject values to 
average the result will produce a higher proportion of acceptable 
exposures than the methods discussed earlier, since it takes into 
account the actual range of luminances within the subject. It too has 
several shortcomings, however: it gives no indication of specifically 
how the luminances within the subject will be rendered, or even if 
they can all be recorded successfully. Most important, it assumes 
that a relatively literal interpretation of the subject is desired, and 
gives little assistance in choosing to alter values deliberately ac- 
cording to one’s personal visualization of the subject rendered in an 
expressive image. 

These limitations can be overcome using more specific readings 
of subject luminances and relating them to our knowledge of ma- 
terials to control the values in the final print. Such a method is the 
Zone System, to he discussed in the next chapter. | wish to encourage 
the reader not to be intimidated by the Zone System. It really is only 
a refinement of the concepts described above. Furthermore, the 
knowledge of exposure and development controls available through 
the Zone System can be usefully applied by all photographers, even 
those using automated 35mm cameras, in black-and-white and color 
photography. With an automatic camera, the Zone System at least 
provides a framework for understanding when a departure from "nor- 
mal" exposure and processing will help achieve the desired image. 
Without the Zone System, only years of trial-and-error experience 
can develop a similar comprehensive understanding of the interac- 
tion of light, film and processing procedures. 


Over and Underexposure 


It will help the student appreciate the importance of careful exposure 
if he knows the perils of over- and underexposure, A brief description 
will suffice far now, these situations will be better understood after 
reading the sections on the Zone System and sensitometry. “T would 
like to point out that the terms “overexposure” and "underexpa- 
sure” refer to exposure errors; when a departure from normal expa- 
sure is intentional, | prefer to use the terms increased or decreased 
exposure. 

Of the two errors, underexposure is certainly the more dangerous. 
The reason is that if a scene is underexposed, dark areas within the 
subject may not record at all on the Alm, and no amount of devel- 
opment modification or printing virtuosity will provide detail where 
none exists on the negative. Overexposure, on the other hand, leads 
to other problems such as loss of resolution, increased graininess, 
and reduced separation within the high values. The loss of high- 
value detail with overexposure corresponds to the loss of shadow 
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detail with underexposure, except that the latter tends to be abso- 
lute: underexposed shadow areas soon lose all detail, while the high 
values of an overexposed negative usually will retain some detail 
and subtle variations that may (or may not) be successfully printed. 
The guideline that most photographers follow is that it is better to 
отегехрове slightly than to underexpose. |Т assume here the use of 
a black-and-white or color negative material; with positive materials 
such as transparency films the situation is reversed, and a slight 
underexposure is usually less harmful than overexposure. ?| 
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EV Numbers 


Many meters, and some cameras, include calibration in the so-called 
EV numbers (Exposure Valuel. These numbers refer to specific com- 
binations of f-stop and shutter speed, and thus allow these functions 
on a camera to be locked together in such a way that changing either 
ane automatically also changes the other to compensate. If the cam- 
era is initially set for 1/60 second at HII, far example, the interlock 
allows a single adjustment to he made to set all the equivalent ex- 
posures, in this case 1/30 at Lé, 1/15 at HAA, 1/128 at HR, etc. These 
are all equivalent exposures, and they correspond to EV 13. EV 12 
would thus be 1/30 second at fl) and all equal settings. Although 
EV numbers bear the same relationship to each other that a meter's 
arithmetic index numbers do, the two are nat interchangeable since 
EV numbers refer to camera exposure settings, and meter scale num- 
bers refer to Juminance. In order to translate luminance values to 
exposure settings, we must take into account the Alm speed, Thus 
scene that reads 13 on the meter scale will always read 14 if the 
lighting remains constant, but the appropriate EV setting for expo- 
sure af that scene will vary depending on the film speed. 


Estimating Exposure 


Having emphasized the importance of careful exposure, I must also 
state that there are occasions when time pressure or equipment fail- 
ure may require estimating exposure if any image is ta he made at 
all. A case in paint is my Moonrise, Hernandez, N.M.. ? where I had 
to make an educated guess using the Exposure Formula, ^ since I 
could not find my exposure meter. Knowing that the moon is usually 
about 250 c/ft? at this distance from the horizon, I used this value 
to make a quick calculation, and then made the exposure. As I те» 
versed the film holder to make a second negative, | saw that the light 
had faded from the crosses! I am reminded of Pastcur's comment 
that "chance favors the prepared mind." 

In cases Where an estimate of exposure is essential, two emergency 
methods are worth remembering. One is simply to refer to the "tip 
sheet" packaged with the film. It usually has exposure guidelines for 
various lighting conditions, and the results will generally he superior 
to wild guesses, although certainly not as accurate 4s a specific ex- 
posure placement. 

À second emergency approach is to remember a few basic exposure 
conditions and apply the following rule: under bright sunlight con- 
ditions а “normal” exposure is about f/16 at a shutter speed equal to 
VASA- number, Thus with ASA 64 film use 1/60 second at £/16 for 
a subject fully illuminated in sunlight. For side light or under bright 
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EXPOSURE CORRECTIONS 
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cloudy conditions, open one stop; under heavy overcast or in open 
shade, open two to three stops. 

To repeat, these are emergency procedures to be stored in the back 
of the mind and used only when no better exposure information is 
available. The resulting negative may be printable, but can hardly be 
expected to yield fine-quality prints without a measure of good luck. 


Exposure Factors 


A number of circumstances may alter the basic exposure, including 
the use of filters; * or lens extension to focus on nearby subjects, = 
In such cases the required correction is often expressed as û factor. 
Such a factor can be applied directly by multiplying it by the indi- 
cated exposure time to obtain a corrected time. To make the correc- 
tion in f-staps, the factor oust be converted into stops by remembering 
that each one stop is equal to a 2x exposure change, or a factor of 2. 
Thus a factor of 4 equals two stops, ete, |Mathematically, the ex- 
posure change in f-stops is given by the power to which 2 must he 
raised to obtain the factor: 2! = 2, or ore stop is equivalent to a 
factor of two; 22 = 4, nwo stops equals a factor of four; 24 = 8, three 
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stops equals a factor of eight , etc. In practice, the intermediate val- 
ues for a factor are usually estimated rather than calculated; the 
factor of 2.5 used with most polarizing filters = can be considered 
14 stops in practical terms.) Remember either ta multiply the Factor 
by the exposure time, or to convert it to steps and open the aperture 
accordingly. Since changing apertures results in a loss of depth of 
field, I usually prefer to increase the exposure time if possible, unless 
doing so causes problems due to subject motion or the reciprocity 
effect. 

In cases where two factors are required, as when using a filter 
while making a close-up photograph, the factors must be multiplied, 
not added, The same result is achieved by applying first one factor 
to correct for one condition, and then applying the second factor. 


The Reciprocity Ellert 


The formula E = I x T ^ expresses a reciprocal relationship between 
the intensity of light reaching the film and the time it is allowed to 
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act оп the film. If one increases and the other decreases proportion- 
ally, no net change in exposure occurs. However, very long or very 
short exposures do not follow this law, and special correction is 
required ta compensate. This is commonly known as "failure of the 
reciprocity law," but | prefer the term reciprocity effect as it is not 
actually a "failure." 

For example, if the meter indicates a | -&econd exposure time, most 
black-and-white films would actually require about à 2-3econd ex- 
posure to secure the desired negative. As the exposure time increases 
beyond this point, so does the amount of correction; an indicated 
10-second exposure should actually be given 50 seconds. Note that 
the corrections for the reciprocity effect are given in the chart © sep- 
arately in terms of f-stops or exposure time. If the instructions call 
for opening the lens by two stops, we аге accustomed to considering 
this the equivalent of a 4x increase in exposure time. Since we are 
now in the region where the usual reciprocal relationship does not 
apply, however, these are not equivalent exposure changes. For an 
indicated exposure time of 10 seconds we should give either two 
stops more exposure |а 4x increase in intensity|, or 50 seconds at the 
original stop [a Sx increase in time). 

The reciprocity effect is not identical throughout the scale af neg- 
ative densities. For a long exposure, the low values tend to be affected 
jie, underexposed) more than the high values, causing a decrease in 
their density, and there is thus an increase in contrast in the nega- 
tive. It is therefore necessary to decrease development as suggested 
in the chart to avoid excessive cantrast. 

Short-exposure reciprocity has become an issue with the advent 
of electronic flash units, which can have a flash duration of 1/50,000 
second or less. In particular most automatic flash units reduce the 
flash output for nearby subjects by reducing the duration of the flash 
pulse © &n that the effective exposure time may range from 1/1000 
second to 1/50,000 second depending an the subject distance. You 
may need to test an electronic Hash unit to determine if underex- 
posure occurs, particularly at close subject distances. With these 
short exposures, the reciprocity departure affects first the high values 
of the image. It thus causes a reduction in contrast, which generally 
requires an increase in development time as shown in the chart. 

With color films, corrective filtration is usually required, since the 
separate emulsions of a calor film are not affected equally by either 
short- or long-exposure reciprocity effect and a color shift results. 


The K Factor 


If pressed, the manufacturers of some exposure meters will acknowl- 
edge that they depart from standard calibration of their meters by 
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incorporating a "Е factor." This factor is supposed to give a higher 
percentage of acceptable images under average conditions than a 
meter calibrated exactly to an 18 percent reflectance. The practical 
effect of the К factor is that if we make a careful reading from a 
middle-gray surface and expose as indicated, the result will not be 
exactly a middle gray! 

Some years ago I conducted a series af nearly a thousand trials, 
and found that when a meter is held at the lens and pointed along 
lens axis toward the subject, the resulting averaged exposure reading 
had te be increased in about B5 percent of the cases to meet my 
demands for shadow density. This effect does not directly relate to 
the functioning of the meter itself, hut has to do with the natural 
disposition of light and shadow in most subject material. The man- 
ufacturers, apparently assuming that meters are most often used for 
average readings of the entire subject area, take this effect into ac- 
count by using the K factor. With nearly all meters, this factor is 
equivalent ta giving. a one-third stop increase in exposure. Although 
the manufacturers may be acting with good intention, I find it far 
preferable to work with what | consider to be the true characteristics 
of the light and films. Intelligent use of the meter eliminates the 
need for such artificial aids as the K factor. In the tests described in 
Appendix 1, “ we offset the effect of the K factor by an adjustment 
in the film speed. 


PRECAUTIONS REGARDING METERING 


fee Book 1, pages 89—73 


Since the way the exposure meter is used is of great importance in 
affecting the accuracy of the readings, it is worthwhile to issue a few 
cautians and reminders: 

1. Have your meter checked for accuracy over its entire scale. A 
small error can be tolerated provided it is uniform over the entire 
range and consistent, but a nonuniform error, or one that is erratic, 
may render the meter useless. 

2. Spot meters include an optical system for viewing the subject, 
with the area read by the meter cell marked in the center of the field. 
You should check the accuracy of the spot indicator by reading a 
small bright area, such as a distant light bulb. As you move the spot 
toward the bright area, the reading should not rise sharply until the 
spor contacts the bright surface; try moving the meter toward the 
bright area from several directions. A small misalignment of the 
optical system is not uncommon, and can cause the meter to read 
a different area from the one you think you are measuring. 

The optical system can also introduce error in the readings if it is 
not fully coated to reduce flare. ? You can check for the influence of 


Раше dl, Parm Marim pn fissi 
Гейтса. S f£ With only aveilahle 


light from the wikins, she pequercd 


expossure was [Ai soomi er 655,6 Шек 


Kalak Phos film develo im Ed 
wal Fi; 71. The stene was ebennisly of 
high comirass. [mage shaty rus ihat 


Jom) 


IIT ELE 


zb ПТ ЛГ 
than in m hand-held 
кы [irai 
; = т 
tional Comani with ATE сина 


44 Exposure 


flare on the meter by reading a small dark surface surrounded by 
light surfaces. First read the dark surface from a distance and then 
move in ta make a reading with it filling the entire viewing area. I 
the reading from a close distance is significantly lower, flare should 
be suspected. More accurate reading should be possible by shielding 
the lens as much as possible without vignetting [cutting into the 
feld of view]. A cardboard tube, painted matte black on the inside, 
may be fitted over the meter lens to provide an effective shade. By 
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experimenting with different tube lengths, vou can determine when 
the tube begins to vignette, indicated by a reduction in the lumi- 
nance reading. 

3, When reading a single-lurninance area, be sure the meter cell 
is not influenced by adjacent areas. With a broad-angle meter this 
requires moving close to the surface, but you must be careful nat to 
cast a shadow ar reflect light anto the subject that will alter the 
reading. A spot meter can he used from greater distances, hut it is 
wise to be sure the area being read more than covers the central spot 
in the viewer of the meter. 

4, Be sure to make readings from as close as possible to the lens 
axis position. Avoid reading specular reflections unless you specifi- 
cally wish to check on their luminance. 

5. Maintenance is important — be sure to use the correct battery, 
and check that it is at full strength, keep the lens in front of the 
meter cell clean; avoid rough handling; protect the meter from heat, 
and have it calibrated at intervals hy an expert, particularly if you 
notice a change in the overall density of your negatives, or if there 
ia any obvios change in familiar luminance value readings. 


Table 1. Correction for the reciprocity effect. For intermediate exposure 
times, between | and 10 or between 10 and 100 seconds, you may 
interpolate approximate adjustment values; when in doubt give slightly 
more, rather than less, exposure to preserve low-value densities in the 
negative. For greater accuracy tests should be conducted with the specifie 
Alm you use (Reproduced tram “Kodak Professional Black-And-White 
Films" [publication number F-5| by permission of Eastman Kodak Сиа. | 
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The Zone System 


The Zone System allows us to relate various luminances of a subject 
with the gray values from black to white that we visualize to rep- 
resent each one in the final image. This is the basis for the visual- 
ization procedure, whether the representation is literal or a departure 
from reality as projected in our “mind's eye." After the creative vi- 
sualization of the image, photography is a continuous chain of con- 
trols involving adjustment of camera position and other image 
management considerations, ? evaluation of the luminances of the 
subject and placement of these luminances on the exposure scale of 
the negative, appropriate development of the negative, and the mak- 
ing of the print. 

You may well ask why anyone should go to such pains to produce 
consistent negatives when we have printing papers available in sev- 
eral contrast grades and other printing controls that allow us tà com- 
pensate for negatives of differing scales. While every such control 
has its uses, it is best to strive for the optimum negative to minimize 
dependency on printing contrast control, since the tones of the print 
may be best achieved with the use of normal-contrast paper. In par- 
ticular, papers af higher-than-normal contrast make it increasingly 
difficult to cantrol the refinements of the higher and lower tonalities. 
It might be preferable to work for a negative of extensive density 
range and print only on the longest scale papers, but there is then 
little additional tolerance when we desire softer results. 

Our discussion of the Zone System is based on the procedures ol 
conventional photography, where we work first with a negative and 
attempt to secure therein all the information required to achieve the 
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desired final image through controlled printing of the negative on 
sensitized paper. It is convenient for learning, however, ta think in 
terms af subject values related directly to final print values, since 
these are the ultimate objective, 

I would like to remind you of the visualization practice methods 
suggested in Chapter 1, ^ particularly the use af the £90 viewing 
filter and of Polaroid black-and-white films to aid in visualizing print 
values while viewing the subject, As photographers, we should study 
and reflect upon the details of the process; practice is essential, for 
when we are making photographs, we should be free to work crea- 
tively and intuitively, drawing upon our knowledge and experience 
to bring everything together as a performing musician must do — 
with no interference af technical issues with the "creative flow." 


As discussed in Chapter 3, © using an exposure meter [set for the 
appropriate film speed! to read the luminance of a single-valuc sub- 
ject area will indicate an exposure that produces a middle-gray ren- 
dering. The middle gray print value is created directly if we are using 
à positive process such as transparency Alm or Polaroid print films; 
with conventional negative materials, the negative density praduced 
by this exposure will be optimum for printing as a middle gray on 
normal-contrast paper. Since this relationship between the indicated 
exposure and the resulting print value is known and predictable, we 
use it to define the midpoint of the image-value scale: a middle-gray 
print value that matches the 18 percent reflectance gray Gard is 
designated Value V, 

We further define the exposure reading taken from a single surface 
of the subject and used directly [i.e., without alteration) to produce 
this middle-gray print Value V as Zone V exposure. Thus, with a 
calibrated meter and the appropriate film speed, reading a single- 
luminance surface and using the indicated exposure is Zone V tx- 
posure for that surface; it produces à negative density we define as 
negative density Value V which in turn produces print Value V. 
Note that we use the term zone to refer only to the exposure scale, 
and valve for the other concepts, specifically luminance values, neg- 
ative density values, and print values. It is essential to remember 
the basic relationship: if we take a reading from a single-luminance 
surface and use the indicated exposure settings, we are giving Zone 
V exposure for that surface, and anticipate a negative density Value 
V and a print Value V (middle gray) representing that surface. 


Бес page 11 


Fut 4-2. Peeling Paini The subject 
was ight gray paini peeling trom a 
витне 

(Al An age expesgare, used wath 
rur епт растаса, produced a middle- 
Fay vabae Iur she average luminance 
ш нцкя апи пас 

Е Ну giving teen stops more ono 
mns Lachine an тае in whoch tbe 
Palit шта weal veer remo more 
suy лз ete Former System caposusr 
proceeds їй us qui visagie the 
desia fea! alus of the magr aml 
te expesusr appripriate ii achieve 
thee: aliis 


The Zone System 49 


| want to peint out that this print value is a specific gray that 
matches the 18 percent gray card, but the subject value represented 
by it in the final print is mot Axed. The original surface we read with 
the meter can be white, black, or in between; making a meter reading 
from it and using that reading for exposure is defined as Zone V 
exposure, and will lead to a Value V middle gray that matches the 
gray card for the surface in the final print. As discussed earlier, ~ this 
occurs because the meter must be calibrated on the assumption that 
it is reading an average-value surface. Thus we already have a pro- 
cedure that will give us a known print value, and we can begin to 
visualize the result of Zone V exposure for any subject area. 


The Seale of Zones 


At this point we have established the midpoint on a scale of expo- 
sures (Zone V|, and negative values and print values [Value V|. We 
also know trom experience that reducing exposure will produce ü 
darker print value, and increasing exposure will produce a lighter 
print value. To determine the remainder of the scale, then, we define 
a one-stop exposure change as a change of one zone on the expostire 
scale, and the resulting gray in the print is considered one value 
higher ûr lower on the print scale, 

Thus, making a reading from a single-Iuminance surface and re- 
ducing the exposure by one stop gives Zone [V exposure, and yields 
print Value IV, which is darker than middle gray. Further reduction 
at one-stop intervals gives exposures of Zones Ш, Il, L and 0, with 
the corresponding darker tones in the print of Values III, II, 1, and 0. 
(Each of these, of course, also has its corresponding negative-density 
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value as the intermediate step.) Similarly, if we increase the exposure 
one stop at à time from Zone V, we have Zones VI, VII, УШ, IX, and 
X. 

Ii these concepts are new to you, I strongly urge you to make such 
a series of exposures, using either conventional film or Polaroid 
black-and-white print film (the scale will be somewhat different 
with Polaroid film, but will still give an indication of the relationship 
between exposure zanes and print values). Take an evenly lighted, 
uniform surface and make a meter reading from it. A surface with 
slight texture, such as a concrete wall or a closely woven fabric, is 
ideal. Use whatever exposure is indicated to make one negative, thus 
giving Zone V exposure for that surface, and then reduce the expo- 
sure one stop at а time to make Zone IV, ILL, LE, 1, and Û exposures on 
separate negatives. Then proceed with exposure increases at one- 
stop intervals to produce Zone VI, VII, VIII, IX, and X exposures. If 
the indicated "normal" exposure [Zone V exposure) is, far example, 
1/30 at 1/8, the sequence of other exposures could be as follows: 


Zone IV 1/30 ac E11 Zone VI 1/30 ат 075,0 
zone Ш 1/30 ar £/16 Zone VII 1/30 at 1/4 
Zone [I 1/30 at [#27 Zone VIII 1715 at i/4 
Zane | 1/60 аг £/22 Zone ІХ 1/8 at E 
Zone Ü 1/125 at 1/22 fone X 1/4 at £/4 


[The actual sequence may have to he modified to fit the range af 
lens apertures and shutter speeds available, but always maintain the 
required one-stop intervals; he careful not to use long exposures 
which might be affected by the reciprocity effect, or high shutter 
speeds which may not he accurate. | 


After developing the negatives, print the Zone ¥ exposure to 
match the gray card precisely in value [the print must be dry before 
an accurate comparison can be made; I suggest viewing the print and 
card together with a #90 viewing filter), Then print all other nega- 
tives in exactly the same way, with the same exposure time and 
identical processing. The result will be a series of grays representing 
cach value af the scale, and should extend from full black to pure 
white. 

The actual values of the prints will depend on many factors, in- 
cluding the film and development, the paper and its development, 
the meter, ete., but they should approximate the full-scale progres- 
sion, Do nat be surprised if your first attempt does not produce the 
optimum scale, since testing is required to calibrate these proce- 
dures. 7 You should refer to these prints in the discussion that 
follows, 
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As discussed, che scale of print values is centered around Value V, 
which matches the 18 percent reflectance gray card. lf you examine 
the darker print values below Value V, vou should find that any 
texture and detail on the surface photographed is clearly visible in 
the Value IV and Ш prints. By Value Il, a sense of "substance" and 
texture should remain. Value I is nearly full black, with almost no 
detail nar any real impression of substance, and Value 0 is the max- 
imum black density possible with the paper used, showing no detail 
nr texture. A similar progression occurs with the lighter values. Val- 
wes VI and VII should show the texture and detail of the surface 
photographed. Value VIII is very light, with some slight texture and 
sense of substance, and Value IX is nearly pure white. Value X rep- 
resents the pure white of the paper base, which like Value 0 shows 
no texture or substance whatever. Values 0 and X thus serve as key 
reference values, and are not truly "values" in the sense of conveying 
substance in the image. 

lt must he understood that these values are merely points on a 
continuous scale that ranges from full black to pure white. Each 
single value represents à range of grays slightly darker and slightly 
lighter, and the individual gray values produced in a sequence like 
this one are each the midpoint of their respective zones. If we wish 
to be very precise in our evaluations we can consider half zones and 
thirds of zones; one-third zone increments cannot always be set pre- 
cisely on the aperture scale, but meter dials and film speed numbers 
use this interval, and it also relates to the logarithmic progressians 
al the exposure scale, © | 

There are three important scales within the total range of expo- 
sures that can be printed, The full range from black to white is rep- 
resented by Zones © to X. Within this lies the dynamic range, 
representing the first useful values above Zone Û and below Zone X, 
ûr Zones Î to IX. The range of zones which convey definite qualities 
af texture and the recognition of substance is the textural range. 
from Zones П to УШ. Thus: 


топе | 1 п Шш Iv M YI VII ҮШ IX (Ж! 
К — — iall black to pure white ——————————4 
F————— dynamic range —————— —4 
|j textural range ———— ——4 


On this scale I consider the negative density obtained from a Zone 
І exposure the lowest useful density, lower densities can be mea- 
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sured with a densitometer, “ but have no significance in practical 
work. Similarly, the densities relating to exposures above Zone IX 
can be recorded, and in fact, considerable separation may cxist on 
the negative tor Zones X, XI, XII, and even higher, These extreme 
high values may require special negative processing and printing 
procedures to be broughe into the scale of the print, with normal 
handling they will not be represented. The eye seems more respon- 
aive to subtle differences in the nearly white values than in the very 
dark ones. Depending on the film characteristics, however, the sep- 
aration in values exposed above about Zone IX or X may he lost and 
processing control may not be effective; if printed lower than pure 
white, à degraded gray value without texture may result. For the 
moment we will limit our discussion to the normal dynamic range. 


THE FULL-SCALE SUBJECT 
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In practical photography our subject is not a single-Iuminance sur- 
face photographed at different exposures, but is made up of à range 
of luminances within a single scene. A "light" area implies more 
exposure to the portion of the film recording it than a "dark" area. 
By measuring the individual luminances within a scene and com- 
paring the readings with the scales of zones and print values, we can 
evaluate such a subject in terms of its projected rendering in the final 
print. I think it is appropriate to repeat that, while this process must 
be described in "step-by-step" fashion here, it resolves itself with 
practice into a swift, intuitive procedure that relates the considera- 
tions of exposure and processing at the time of visualization. 

Before discussing luminance readings further, | must also say that 
I find that the exposure meter confuses many photographers of all 
levels of proficiency. Manufacturers have favored "fail-safe" policies 
in design and function, including biased calibration of the meter © 
to compensate for our supposed tendency bo misuse it, and auto- 
mation af functions that can be performed as well ar better manually 
with a certain measure of thought and understanding. Automation 
may have advantages for superficial work, but it creates difficulties 
when the serious student and photographer try to get at the heart of 
the process. At this point, however, we are concerned with the basic 
functions of the meter in terms of relative values, and most reflected- 
light meters (particularly spot meters) should he applicable to these 
procedures without undue difficulty, In the course af testing, ~ we 
can usually overcome any bias or mechanical "aid" that interferes 
with our use of the meter, although it seems regrettable that we 
should have to do s0. 
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What is required of the meter is to be able to use it to read indi- 
vidual luminances within the subject and relate the ditterences in 
luminance to one-stop exposure intervals. If, for example, the meter 
indicates that one part of the subject has twice the luminance of 
another (whether indicated directly in candles-per-square-fnot, in 
arbitrary arithmetic scale numbers, or by a one-stop difference in the 
indicated exposure], we know that this surface will he one zone 
higher on the exposure scale, and should appear one value lighter in 
the final print. This will be true whatever the actual exposure of the 
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negative is; if one part of the subject has twice the luminance of 
another, it must give one zone more exposure to the part of the 
negative recording it. A different part of the subject that has one- 
quarter the luminance of the first will similarly be two zones lower 
on the exposure scale, and will appear about two values darker on 
the print. We can thus relate the luminances within a single full- 
range subject to the exposure and print scales: 


cubpect luminanecs 


(exposure 
unita: “A 1 2 4 B. 19 42 &4 — HB 256 511 
exposure 
опей: i i П m v v VW VW үш IX {Х| 


this produces negative density values, which lead to 


print 


values: ip 1 uE mH Iv V м VH Vil IX {xl 


The subject luminances in this chart are given in terms of "units 
of exposure" that have no absolute value but express the 1:2 rela- 
tionship from one exposure zone to the next. We start from the 
lowest zone we are considering |in this case, Zone Il, and call that 
one unit of exposure, We can then double this for each higher zone, 
because of their one-stop intervals, to see the relative exposures of 
each zone. This provides a convenient way to compute the effective 
luminance ratio for any two subject arcas: merely divide the greater 
number af units by the smaller. Thus the ratio fom Zone Il |3 units) 
to Zone VIII (128 unita] is simply 1 to 64. 

In practice we more often use the luminance values read from 
the exposure meter in establishing the relationship of subject 
values exposure zones ~ print values. Consider a hypothetical 
subject that includes a gray card, where the gray card reads 12 on the 
meter scale. If we set this number on the meter calculator dial to 
determine exposure, we know that the gray card should reproduce 
as à negative density Value V and a middle gray Value V in the 
normal print. 

Since the meter is calibrated in one-stop increments, we then also 
know that a subject area that reads 10, for example, will give two 
stops Jess exposure to that part of the film recording it than the area 
reading 12; we thus know that this area, and any others we may find 
that read 10, will be exposed on Zone Ш, and we can anticipate that 
they will appear as a Value III in the print. Similarly, an area reading 
15, ar three stops above the luminance value of middle pray, is ex- 
posed on Zone VIIL and will normally yield a Value УШ on the print. 


36 The Zone System 


Ms 
| 


MANANI 


Figure 4-5, House. lescadens Califor 
ita. These tour omages shew che over- 
all eliect of succrssive т-ти: 
daper inpcrpases 

[A] The shaded arca near ihe 
Boa ies the [ett was placed om Zonc fl 
The white paimi sazriaces iri sunlight 
then fell im Zone VIL Sea tbe grav 
tani ай ilie lower Int, at thas гарана 
ihe gras card leminance dell im Zone 
V, aal is mpnosluredan the print as a 
viral! griy. l'art od che whee wall im 
shaikea: abr [1] тїп Zone V 

ИШ ttcasimné the exposure by one 
ej, mine zone; praluces a om- 
vali increase hor tach subject ima 
The shadow near the dinar is mi. ш 
Value Hl, arid ihe whate weeel on sum 
th Valise VEIT, 

ICT A Баг алил-:їмгил expursure 1n- 
irse ганаа tlic жапыс arca nrar ibi 
йн to Value FV, acu! the white 
painted Wil ips ЕЕ tr Vale TX. Ig ix 
пед! pun: white из dhe print, with 
lust a lage od comity алгъа. 

(20 Alpe: ahei unc-zime expri 
fare іасагаы: thr sonji ama mear 
еъ fê а Value V. nire thas is 
matches the gray cand in example A 
The white wnel is mow Valur X. quine 
whe 


The Zone System 57 


То relate these numbers from the arithmetic meter scale to the scale 
ûf zones: 


exposure 

ZINES ШП 1 gH m Iv v W VO ҮШ IX |X 
meter scale 

numbers: 10 12 15 


And, because we know that cach meter scale number relates to a 
one-zone interval, we can Bill in the other numbers as they relate to 
the zones: 


Exposure 
sons: iy I EH gu Ig ¥ WI үп VH IX [X] 
meter scale 
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The advantage of being able to relate subject luminances to print 
values should be obvious: if we know what Value Ш, Value V, and 
Value VIII look like or "feel like" in a print, we can view this subject 
and anticipate the appearance of these three important areas in the 
final rendering. We can then also scan the subject with our meter 
and check the exposure of other important areas, Any area we find 
that reads 13, for example, will he exposed on Zone VI, 14 on Zone 
VII, 8 on Zone I, etc. 


Place and Fall 


What we have actually done in the foregoing example is to make an 
initial decision regarding one subject luminance, and then determine 
the other subject luminances and their corresponding exposure 
zones. [In Zone System terms, we say that we first placed the lumi- 
nance of the middle-gray subject arca on Zone V of the exposure 
scale, and the other luminances then fel! on other zones, In nearly 
all cases using the Zone Syseem, we follow this procedure; we place 
one luminance on a specific exposure zone and then observe where 
other subject luminances fall. 

By placing one luminance on a particular zone we determine the 
exposure settings of the camera, and we have no control over the 
exposure af other luminances of the subject, they fall elsewhere on 
the exposure scale according to the one-stop [1:2] luminance ratio 
described. In our example, we first read the luminance of the gray 
card |12) and placed that value on Zone V. Having done this, the dark 
area which read 10 mist fall on Zone III, since its luminance is two 
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stops, or two zones, lower on the scale. Similarly, the area reading 
[5 also must fall an Zone VIII. The results are shown below: 
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The result is exactly as described earlier, hut note that it is the place- 
ment of a single luminance | 12] пп a specific zone |V} that determines 
how all the subject luminances are exposed. 

In the subject cited it is logical to assume that we will want the 
gray card to reproduce as a middle grav in the print. But it must he 
understood that we are under no restriction regarding this place- 
ment. If we chose for some reason to render it darker than middle 
gray, we might place its luminance on Zone IV, It and all other 
subject arcas would then be one zone lower in exposure, and one 
value darker in the print, as follows: 


zones: I N ttl IV v VI — VII ҮШ IX 
meter scale numbers; F ië IU 12 13 14 15 1& I7 


gray card 

reading mow 
placed on Zone IV 
dark area 

now falls 

on Zone П 

light area 
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Thus the essential rule: we can place any one luminance value 
оп any гаре of the exposure scale, and doing so will determine the 
camera exposure. We can then read other luminances of the subject, 
and these will fall elsewhere on the scale of zones, with each one- 
stop or 1:2 luminance change representing û one-one difference. 

It should be clear by now that establishing these relationships 
between subject luminances and print values enables us to anticipate 
|vasualize| from the luminance readings the way each area will be 
rendered in terms of the image values. П you have made the exposure 
series | recommended earlier, you will have a good first impression 
of the appearance of each of the print values. Table 2 gives the ap- 
proximate values for various types of subjects rendered "realisti- 
cally." I would like to emphasize again, however, that one of the 
great advantages of the Zone System is that it does not require a 
literal rendering, and we are entirely free to depart from the descrip- 
tions in the chart as our visualization demands. 
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The Initial Placement 

Since the camera exposure settings are determined by the decision 
to place one luminance on a certain zone, this choice must be made 
with care. As mentioned in Chapter 3, © the most serious error in 
exposure is giving too little exposure, because detail is thereby lost 
in shadow areas that cannot be recovered through any processing or 
subsequent manipulation. For mast photographs, therefore, we make 
the initial placement based on the darkest area of the subject where 
we want to preserve detail in the image. From Table 2 you will note 
that the darkest exposure zone that preserves some subject texture 
is Zone П, and full detail is visible in Zone Ш. Therefore, it is usually 
best to place the luminance of an important dark area where min- 
imum effective texture is desired on Zone If, or an area where full 
detail is required am Zone HI [using the procedure described below). 
In this way we are able to examine the subject for the darkest area 
where texture ar detail is required, and ensure that we give these 
areas sufficient exposure. 

lf we are to make the critical placement decision appropriately, 
we must visualize its effect. With a dark area of the subject where 
only minimum texture is required, Zone Il placement may be the 
logical choice, We may find on consideration, however, that we 
really wane the additional detail of Zone Ш placement. As we learn 
to recognize these values in our mind we can make such choices 
almost automatically, thus becoming quite fluent in our application 
of the Zone System procedures. 

These placements should be considered guidelines. Cases will 
arise where we do not make our initial placemene on these low 
zones, but we will then almost always at least check to see what 
luminance falls on these low zones, since any luminance that is 
allowed to fall lower than Zone II will be recorded without useful 
detail in the negative. In other cases the subject may require Zone 
ГУ placement of an important shadow area to yield much fuller and 
more luminous detail; | have even placed shadow values as high as 
Zune V to obtain certain effects of great luminosity, and then re- 
sorted to development control ^ ta hold the rest of the subject lu- 
minance scale within the range of printahle densities. Experience is 
required to make such judgments effectively. 

Once the decision has been made regarding the low-value place- 
ment, we must measure the other important luminances of the sub- 
ject and see where they fall on the exposure scale. If there are darker 
areas of the subject that fall below Zone II, they will be full black, 
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or nearly so, in the print, and we must decide if this is appropriate. 
Most photographs benefit from having a few very deep values [Values 
Q and IH, but such areas must usually be small, since a large mass of 
deep black without detail cam be visually distracting. We should 
remember that we can "print down" a low textured value on the 
negative (Value Ш, for example) to make it appear darker than usual, 
or even full black; but we cannot "print up’ a textureless area (Value 
O or I) and make it appear anything more than а blank dark gray 
value in the print. 

Similarly, light areas that require convincing rendition of texture 
should not, if possible, fall above Zone VII to VIII, although this is 
somewhat less critical than the loss of detail that begins to occur 
with exposure below Zone III. Most films today can maintain sepa- 
ration and detail through Zones IX, X, or even higher, and this detail 
can be printed if we modify the development of the negative © or 
through manipulation during printing. ^ We can thus be somewhat 
less concerned about high values that fall above Zone VIII than with 
dark areas below Zone Ш where no processing steps will restore de- 
tail. For purposes of learning the Zone System, however, it is hest to 
assume that full detail is present only through Zone VII, and some 
texture through Zone VIII, based on “normal” paper grade and de- 
velopment [which are established through testing}, ^ 


Reading the Meter in Zones 


The specific procedure far placing one luminance on an exposure 
zone can be understood by recalling our discussion of middle gray. ^ 
If a luminance is read by the meter and that reading used to deter- 
mine camera exposure without alteration, we have placed the lu- 
minance an Zone V. 1f, instead, we give ome stop less exposure, we 
are placing the luminance on Zone IV, and if we give two stops less 
exposure, we are placing the luminance on Zone Ш. Similarly, giving 
one stop more than Zone V exposure is Zone VI exposure, and two 
stops more is Zone VII exposure. The specific procedure can he most 
easily applied if we consider the scale of values on an exposure meter 
dial. 

As discussed earlier, ^ most meters today use an arbitrary scale of 
numbers to represent luminance values, with each interval of one 
an the scale equal to a doubling or halving of luminance, or a onc- 
stop exposure change. The number read from the meter is transferred 
to a rotating calculator dial on the meter which, taking into account 
the flm speed, relates the scale numbers to exposure settings in 
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f-stops and shutter speeds. Meters which function in this manner 
include the Pentax 1" spot meters [both conventional and digital), 
the Soligor Spot Meter, the Gossen Luna-Fro (though not the Luna: 
Pro SHC|, and many others, The important point to understand is 
that the arrow or index mark on the rotating dial corresponds to 
Zone V exposure; апу luminance read from the meter scale and set 
apposite this index mark is given Zone V exposure. 

Thus if a subject area reads 7 on the meter and you align this value 
opposite the index mark, you have placed it on Zone V. If, instead, 
you want the area reading 7 placed on Zone III, then you know that 
A must fall nn Zone IV and 9 falls on Zone V; aligning 9 opposite the 
index point has the effect of placing 7 on Zone Ш. You can then 
determine the zones on which all other luminances fall, as follows: 


ZONES po ium rv v wv vu vi Ix |% 


meter scale 
members 4 5: б 7 Е E] 10 11 12 13 14 


The mental process of placing the reading 7 on Zone Ш would be 
something like this: First align 7 opposite the index mark and think, 
"That's Zone V placement." Then turn the dial so 8 is opposite the 
index mark; "That's Zone IV placement [for 7)." Then again turn the 
dial so that 9 is opposite the mark; "That's Zone Ill placement (for 
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TL" The exposure settings now indicated ап the dial are correct tor 
Zone III placement of the reading 7. 

It is often possible to attach a printed zone scale to the dial to 
make it possible to see graphically the place-fall relationships [al- 
though some meter designs, such as the Luna-Pro, do not readily 
permit attaching a separate scale.) With а zone scale on the meter 
we can read a subject area and simply align its numerical value op- 
posite the desired zone, thus placing that luminance on the indicated 
zone. Once this initial placement has been made, other luminances 
ean be read and the exposure zone on which they fall will be clearly 
visible on the scale. © This clear visual representation is probably 
the most easily grasped for someone learning the Zone 5ystem and 
I recommend using such a scale where possible if these concepts are 
not fully understood. If you attach a zone scale to your meter, re- 
member that Zune V of the scale must be carefully aligned with the 
meter's index mark or arrow. Zone scales may be constructed, or 
purchased from suppliers like Zone VI Studios in Vermont. 

A few meters, such as the Luna-Pro SBC and the 5.E.T. photometer, 
operate on the "null" principle instead of using a numerical scale. © 
With such a meter, you make a reading by pointing it at a subject 
area and turning the dial until the meter pointer aligns with a zero 
mark at the middle of à scale, and then read f-stops and shutter 
speeds directly. The null point here is equivalent to Zone V exposure, 
so that other zone placements can be easily worked out. With the 
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Luna-Pro SBC, tor example, there are three marks at one-stop inter: 
vals on either side of the null point (marked “0|, and these each 
represent nne-zone exposure changes. Thus once we have made а 
reading with this meter, rotating the dial until the pointer is one 
mark to the deft of the zero places the luminance on Zone IV; one 
mark to the right of zero is Zone VI, and so forth, and the appropriate 
exposure appears on the dial. 


The Exposure Formula 


À formula exists which, once learned, facilitates rapid exposure cal- 
culation mentally, without the need for setting dials on meters. It 
requires knowing luminance values in candles-per-square-foot, and 
unfortunately few, if any, meters today are calibrated in these units. 
Since the early Weston Master meters read directly in c/ft?, very 
rapid exposure determination was possible. Current meters can usu- 
ally be calibrated in these units to facilitate the use of the exposure 
formula, as deseribed below. 

To use the Exposure Formula, take the film speed number [on the 
ASA scale| and determine its approximate square root. This number 
is remembered as the key stop for that film. For example, a film rated 
as ASA 125 has a key stop of f/11. 

At the key stop, the correct shutter speed in seconds to expose d 
given luminance on Zone V is the reciprocal of the luminance ex- 
pressed in c/ft?, Thus for a surface that measures 60 с, we would 
use a shutter speed of 1/60 second at the key stop. 

In à typical situation, I might visualize a certain area as а Value III 
in the print and find that its luminance is 30 c/ft?. If this is placed 
on Zone Ш, then 60 c/ft? falls on Zone IV and 120 ¢/ft? Falls on Zone 
V, My exposure then is 1/125 second at the key stop, or any equiv: 
alent combination. The Exposure Formula thus permits very rapid 
calculation of exposure without reference to the meters rotating 
dial. 

Note that this formula also permits us to calibrate meters with 
arithmetic scales in units of candles:per-square-fnot. For example, 
if we set 10 on the meter dial and the resulting indicated exposure 
at the key stop for the film speed is 1/10 second, then we know that 
any surface that reads 10 is reflecting 10 c/ft* |this is the calibration 
of the Pentax spot meter and some others|. We can then establish 
the equivalent values in candles-per-square-foot for the other index 
numbers: 11 would be 20 c/ft?, 12 would be 40 c/Ít?, 9 would be 5 
tî, etc. One caution: if your meter includes a К factor you must 
eliminate its effect by using an adjusted film speed, determined by 
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appropriate testing. “ If the K factor requires us to change the film 
speed setting on the meter from ASA 64 to BO, for example, we should 
still think ASA 64 when using the Exposure Formula. Once we have 
determined the luminance in candles-per-square-foot for the index 
numbers of our meter, these can be written out and taped to the 
meter body for reference. 


Exposure Record. Î would like to recommend the usc of the Exposure 
Record form, or any similar system for recording the luminances, 
place-fall relationships, processing instructions and other data. Two 
versions of the Exposure Record are shown, ? and you may photo- 
copy them for your own use. This form is a most helpiul "diagnostic" 
reference. If you find yourself in the field without exposure record 
forms, at least try to note down the luminances and zone relation- 
ships, or make a rough sketch of the subject with luminances marked 
on it. Much can be learned by referring to such records after making 
a print, to see how the subject luminances translate to print values 
and as a diagnostic check of the meter performance and exposure 
method, etc. 


Let us consider three basic conditions of subject contrast in Zone 
System terms, to be sure the concepts are understood and to briefly 
explore the implications: 

1. Figure 4—11 shows a "normal" range subject. When a reading 
from the important shadow area |7] is placed on Zone III, the middle- 
gray value |9| falls on Zone V, and the light surface |11] on Zone 
VIL The very deep shadow areas and bright highlights that fall out- 
side this range from Zone Ш through Zone VII are small and do not 
require detail, but lend a sense of richness to the image. (Specular 
highlights and glare are many times brighter than diffuse surfaces 
under the same illumination; they are consequently full white in 
the image and approach the maximum density possible in the neg- 
ative.) Thus the exposure indicated for this placement will yield a 
full-range negative, and detail will he preserved in all important arcas 
since they fall in the range of Zones Ш through VIL 

2, Ashort-scale subject is shown in Figure 4-12. Reading the im- 
portant shadow area (4| and placing it on Zone Ill means that the 
lightest important luminance [7| falls only on Zone VI. This is a Hat, 
low-contrast subject that uses less than the full scale of zones. We 
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might wonder in this case whether ta proceed with the exposure 
indicated by the Zone IIl placement for the shadow arca, or to give 
more exposure to raise the high value. The latter approach might 
invalve giving one stop more exposure overall, making the shadow 
area fall on Zone IV and the high value on Zone VIL The range mt 
values would remain the same. A different visualization is called for 
in cach situation, and we may make our choice hased on our pre- 
ferred concept of the final image. It should be noted, however, that 
in terms of information on the negative there is nothing gained by 
giving the additional exposure. Even with the lower exposure that 
results fram placing the important shadow on Zone Ш and letting 
the high value fall on Zone VI, we will be sure of recording full detail 
for all important arcas of the subject [assuming our exposure-devel- 
opment system has been tested “|, and we will be able to adjust 
values if necessary in processing. Therefore, in the absence of com- 
pelling reason to give the additional one stop of exposure, use the 
Zone Ш placement of the shadow area; the resulting negative will 


Figure 4—12, Shan -azale subiect. (See 
text 


fee Chapter 10. anıl Back 5 


The Zone System — 69 


have less grain and higher acutance since there is no "wasted" den- 
sity, and will still have full detail in the important areas. We prabahly 
will not want the light area of the subject to print as low as Value 
VI, however, and we may apply development and printing procedures 
described later ^ to raise this value and achieve optimum contrast 
The short-scale subject is obviously the least critical exposure con- 
dition, We can conceivably expose the shadow area on Zone M, IV, 
or even V, and the other values still fall within the range where detail 
or substance is recorded. This is actually what is meant by the often- 
misunderstood term “exposure latitude." The film has a long enough 
scale to tolerate several different exposures of such a flat scene with- 
out sacrificing detail and separation of values, and therefore has some 
"latitude" for exposure variation or error, Note, however, that as the 
subject contrast range increases, more of the scale is used, and the 
latitude diminishes. With the full-range subject cited in Example 1, 
a one-stop exposure change from the one used would have caused a 
Joss of information in either the high or low values. Latitude, there- 
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3. Figure 4—13 shows a long-scale or contrasty subject. lf we make 
an initial placement of the important shadow area [which reads 855 
in this case] on Zone Ш, the light areas [144] fall on Zone IX, 
and will normally print with no detail. Subjects af even longer range 
may occasionally be encountered, extending to Zone XII or even 
higher. In such cases the photographer should first recansider the 
visualization: can the shadow area be exposed lower than Zone M 
without spoiling the image? li so, the high values will fall lower on 
the scale and will be easier to control. However, il the shadow area 
is truly important to the image, placing it below Zone Ш will sac 
filice some detail and may not be acceptahle. In the example ahown, 
the full detail was considered essential and Zone Ш placement maiti- 
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tained. The high values must then be controlled using reduced de- 
velopment of the negative, as discussed in the section that follows, 
ar through other means. There is really no "latitude" in such situ- 
ations, since an error on the side of underexposure will jeopardize 
the shadow detail, and any overexposure will make the high values 
more difficult to control. 


EXPANSION AND CONTRACTION 


See Figure 4-14. 
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Our discussion of the Zone System so far has related the different 
subject luminance ranges to a scale of image values that we have 
considered fixed, based on normal! development of the negative. By 
departing fram standard development, however, we can adjust the 
negative scale, within limits, to achieve a range ûf densities that 
compensates for long or short subject luminance scales. It must be 
noted that the current films have somewhat more limited capacity 
for contrast control through extended or reduced development than 
the films in use when I first formulated the Zone System over forty 
years ago. Modification af development remains a valuable means 
of controlling contrast, however, even if it is now often necessary to 
combine it with other methods applied both to the negative and in 
printing to achieve visualized results. 

The general rule of controlled development is that increasing the 
amount of development increases the contrast of the negative, and 
reducing development reduces contrast. This occurs because all 
areas of the negative are not equally affected by a change in devel- 
opment time: the higher negative densities (representing high sub- 
ject and print values) are affected more than the low-density arcas 
[around Zone Ш and lower}, ? Thus the density difference between 
the high and low zones can be increased or decreased by altering the 
amount of development. ? 

In practice, we usually keep the developer strength, temperature, 
and agitation constant, and then control the amount of development 
by an increase of decrease in development time. The objective is to 
achieve a negative of optimum density range, which will print with 
the desired scale of values on a normal paper, even though the subject 
may have had a shorter ог longer than normal range of Iuminances. 

Increasing contrast through extended development is referred to 
as expansion, and lowering contrast by reduced development is 
called contraction. It is most useful to visualize and express the 
amount of expansion or contraction im zones: a negative that was 
exposed to a five-zane range of subject luminances can be made to 
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print with a range of six values by expanded development. Such 
à negative is said to have been expanded by one zone, designated 
Mormal-Plus, or N+ | development, If the meter indicates a subject 
range of Zones Ш to. VEL, for example, N+ 1 development will pro- 
duce a negative-density range that will print as Values III to VIII. 
Given even more development, it might print as Values III to IX, à 
"wo-zone expansion, ar N + 2 [although not all current films permit 
М +2 development). With a lang-scale subject, on the other hand, a 
negative exposed to Zones II то [X will yield print Values I to VIII 
if given М = I development, or Il to VII with IN — 2. There are certain 
practical limitations to both expansion and contraction, discussed 
below. © 

It is important to understand that the primary eftect of expansion 
or contraction is in the higher values, with much less alteration of 
law values. This fact leads to an important principle underlying ex- 
posure and development control: the Jow values (shadow areas! are 
controlled primarily by exposure, while the hugh values (light areas! 
are controlled by both exposure and development. Hence the im- 
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portance of careful placement of important low subject values on the 
appropriate exposure zones: the high values can be further controlled 
through expansion and contraction while the low values, in practical 
terms, cannot, This is really only à re-statement of the old maxim 
in photography, “expose for the shadows and develop for the high 
values." By applying Zune System methods, it becomes possible Lo 
usc this principle in a controlled way with predictable results 

For example, consider a high-contrast subject. With the important 
shadow area (reading, say, 6 in this case] placed on Zone Ш, the 
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textured high value | 12) falls on Zone IX, too high to retain important 
texture in a normal print. We could reduce exposure to bring down 
the high value, but would lose detail in the shadow area hy so doing 
Instead, we keep the original exposure and give IN = 1 development. 
[he low value then retains its detail while the shorter scale ot the 
negative means the high value will now print as about Value VIII 
instead of IX, with more convincing texture and subtle high-value 
differences. Depending on our visualization and the limits of the 
Blm-developer combination, we might attempt to give M —2 devel 
opment to bring the high value down to Value VII for even greater 


detail. 
With a subject of low contrast, the situation is reversed, We might 
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find, for example, that optimum shadow placement provides high 
values that fall only on Zone VL N 1 development would raise 
those areas to Zone VII density, and N +1, if feasible, would provide 
about Zone VIII density. 

These and other possibilities can be visualized at the time the 
initial exposure measurements are made. The result is that the cs- 
sential decisions regarding exposure and development can all be 
made before the negative is exposed, with specific reference bo the 
personally conceived final image. We plan a certain exposure place- 
ment of the low values, adequate to ensure that detail is recorded 
where desired, and anticipate processing that will adjust the high 
values as needed to obtain the visualized print. 
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In practice it will be found that while development modification 
has its primary effect in the high values, it does also cause some 
slight density change in the shadow areas. With contractions, the 
decreased development time causes a slight loss of density [and con- 
trast) in the low values, and a small additional exposure should be 
given to compensate. For most films and developers, a 1/3 to 1/2 
stop increase should be sufficient, unless testing indicates otherwise. 
Similarly, with expanded development, it is possible to reduce the 
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exposure slightly since the low densities are somewhat strengthened 
by the increased developing time, * 

We have nat yet specified the meaning of "normal" development, 
or N-- 1, N—1, etc. Testing is required to establish, first, the opti- 
mum film speed rating to record the low-zone densities, and then 
the development time which provides rhe anticipated densities tor 
the high values. We are then assured that a negative exposed to an 
eight-sone subject, for example, will yield a print of eight discrete 
values with normal-contrast paper. Having established this norm, 
we use further tests to determine the development time which yields 
a ane-zane expansion, and label this N + 1 development, and so on 
for other expansions and contractions. This system is thus entirely 
practical, since it is based on your own methods and procedures 
rather than standards [precise but inflexible) established at a man- 
ufacturer's laboratory. Procedures for film testing are given in Ap- 
pendix 1, * 
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Local Contrast 


Changes of development are applied to control the total contrast 
range of the negative, but a side effect is that the “local contrast" 
within low and middle values is affected. Most surfaces include 
lighter and darker components that we perceive as texture, and while 
these textural variations may all lie within a range of one or two 
zones, they will be reinforced of weakened by modified development 
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For example, if we reduce the development time to control the 
range of a very long-scale subject, we may find that the image lacks 
vitality below Value V. The reduced development causes a compres- 
sion al local contrast within these values, which may lead to a dull 
and lifeless progression. This effect usually limits the extent to 
which contraction can he applied. IN — 1 is usually quite acceptable 
but more severely reduced development may not be satisfactory un- 
less we add about 44 stop of exposure to support shadow values 
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There are times when we can take advantage af the lacal contrast 
effect. We may find it appropriate in portraiture ta decrease the con- 
trast within the skin values, particularly with an elderly subject or 
one with facial blemishes. If the other subject values permit, we can 
then plan exposure for Caucasian flesh tones on Zone VII instead of 
Zone Vl and give M—1 development so the skin values print as 
Value VI (assuming that is the appropriate value for the subject), The 
result is a softening of the local contrast within the skin tones, and 
a more considerate and pleasing portrayal. = 

Conversely, we may desire for interpretive reasons to emphasize 
texture. We might then contral exposure so that the average skin 
value falls on Zone V, and give expanded development to exaggerate 
its texture. Here again we must take into account both the local 
contrast and the overall scale of values in determining the appropri- 
ate exposure and development procedures. ? 


The Limits of Expansion 


Although the local contrast effects just discussed often limit the 
practical extent of reduced development, expansion is usually lim- 
ited hy other factors. In particular, extended development tends to 
increase the graininess of the negative, and this often becomes ob- 
jectionable, IN - 1. development is practical with most films and 
N +2 with some [the size of the negative and the degree of enlarge- 
ment planned are also important considerations here]. In addition, 
contemporary thin-emulsion films have less capacity for increasing 
their maximum density than earlier materials, setting a further limit 
on the degree of expansion that is practical. Other means of contrast 
control that can he used in combination with both expansion and 
contraction are discussed in Chapters 5 and 10. Remember that the 
primary function of the Zone 5ystem is to support visualization, and 
the means available are numerous and flexible. 


Other Development Variations 


In addition to expansion and contraction, other modifications of de- 
velopment procedure can sometimes be helpful in controlling image 
contrast and tonal values. A compensating developer is one that 
allows full exposure for shadow detail while maintaining separation 
and moderate density in the high values. It thus allows full exposure 
of a contrasty subject, while preserving separation in high values. 
Among the more successful procedures for compensating develop- 
ment with current films are the use af a highly dilute developer and 
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the two-solution process, It must be remembered when using these 
procedures that extra exposure is required in the shadow areas; the 
major benefit of compensating development is that this additional 
exposure can be given without sacrificing high-value detail. In gen- 
eral, low values should be placed onc zone higher on the exposure 
scale than normal, These procedures, and other contrast control 
methods, are described more fully in Chapter 160. 


SENSITUMETRY 


The Zone System is a practical expression of sensitometry, the sci 
ence that relates exposure and density in photography. If the Zone 
System is understood, the underlying sensitometric principles 
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should nat be difficult to grasp and can provide much information 
useful to the photographer. 


Density 


To understand the meaning of the term density, consider what hap- 
pens when light is directed through a developed negative. A small 
amount of the light is reflected or absorbed, and the remainder is 
transmitted. The amount of light that passes through the negative 
depends on the amount of silver deposited at thar location during 
development. The transmitted light can be measured as a percentage 
of the incident light: if 1/4 the light falling on the negative is trans- 
mitted, we can say that that part of the negative has a transmission 
of 25 percent, or 0,25. 

We are actually concerned more with how much light is absorbed 
than with how much is transmitted |we want to know how "dense" 
the negative is, not how "clear"]. We therefore convert the trans- 
mission to opacity by taking its reciprocal (that is, 1 divided by the 
transmission), In this example the opacity would be 10.25, ar 4. 
Density is defined as the logarithm [base 10) of opacity, in this case 
(2.0. 

I would like to quell anxiety that common loganthms cannot be 
grasped by the average person. They are, in effect, nothing more than 
à mathematical shorthand, and their use in practical sensitometry 
is really very simple. A short review of logarithms is included in 
Appendix 5. ? In practice, however, density is read directly in log, 
units, and no conversion is required, 

The densitometer is an instrument calibrated to measure densi- 
ties, either on a negative [transmission densitometer) or on a print 
(reflection densitometer ^. The transmission densitometer consists 
of a light source that can he directed at a very small area of the 
negative and a light probe in contact with the emulsion surface that 
measures how much light is transmitted. 


The Characteristic Curve 


To describe the behavior of film we plot a graph of the relationship 
between the logarithm of exposure and the density (which is already 
а logarithmic unit|. The major divisions of the log exposure scale as 
used in technical laboratories are usually in units of 1. Because it is 
a logarithmic scale, each major division of 1.0 represents ten times 
the exposure of the previous division. The scale is then usually fur- 
ther divided into units of 0.2. 
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These divisions are unfortunate, because it is far more useful in 
applied photography to divide the scale into log exposure units of 
0.4. The advantage is that a scale in log exposure units of 0.3 repre- 
aenta arithmetic change by a factor of 2 [since 0,3 is the log of 2], 
each interval of 0,3 log exposure units therefore represents a ont- 
stop exposure change, and 0.1 represents one-third stop. Keep this 
fact in mind when examining a manufacturer's characteristic curve; 
whatever units may be attached to the exposure scale (usually it is 
meter«candle-seconds, abbreviated mcs, nat a useful unit outside the 
laboratory], arî increment of 0.3 on the log exposure scale represents 
û one-stop or ane-zone exposure difference. 

The characteristic curve, or HAD curve as it is sometimes called 
[it was created by Hurter and Driffield in the 1890s), is a graph of the 
density that results from each exposure level. The log exposure units 
are thus measured on the horizontal axis, and density on the vertical 
axis. We can find an exposure value on the log E axis and go upward 
until we reach the curve, then move across to the density scale at 
the left and read what density results from that exposure, As you 
would expect, a low exposure relates to a low density value, and 
higher exposures to higher densities. It is important also to under- 
stand that each such curve represents a certain film developed in a 


1024 аш 
5g етп 
356 24D 
x8 210 
ы 120 
150 
1B 1x 
8 om 
ü Ds 5 
2 оз سا‎ etd 
1 000 | Fop Dengiy 


оп аз ü5 09 12 18 18 21 24 27 Rebelng 
Exin 


1 Ej 4 H 1h 32 Ба 128 258 Bis Exposure 
Unis 


ü i i oi wv v MM W VI IX. X. Zones 


The Zone System — 87 


specified way; as we will see, a change in development alters the 
curve shape. ^ 

Note from the example ? the sequence that occurs as we proceed 
fram low exposure to high exposure, The far left end of the log E 
scale represents very low exposures. At the minimum level af ex- 
posure [Zone O and below) the Alm receives insufficient light energy 
to respond at all. There is nevertheless a certain minimum density 
in this area just because of the presence of the film base itsell and an 
unavoidable small silver deposit called fog. This minimum density 
is termed filmbase-plus-fog density || abbreviate this as (6-0, and 
will exist in the border arcas of any negative where no exposure has 
occurred, or with an unexposed film that is processed. Age, heat, and 
humidity will increzse the fog level [as will increasing the develop- 
ment tine! and thus the [h-i density. The fh-f density is subtracted 
fram a given density value to leave net density, the useful densities 
above fb-f that contain image information, We "print through" the 
fh-f density and it has very little ar no effect on the image values. 

As we move to the right along the exposure scale from this min- 
imum density level, the first significant response to light occurs. 
The exposure required to produce the first measurable net density 
is called the threshold exposure. The region of the curve that rep- 
resents the threshold point and the adjacent area is called the toe of 
the curve. In this region the film's response (in terms nf density and 
contrast) gradually increases with an increase in exposure, It is here 
that the densities around Zone I, П, and III occur. 

As we proceed to higher exposures, the film's response usually 
farms a nearly straight line on the characteristic curve. In this 
straight line section a given increase in exposure will produce the 
maximum density increase possible for the film and development 
given, and thus shows the maximum separation af values and detail. 
Here the middle and upper zones (about IV to VIII| are recorded. 

Ultimately the straight-line response tapers off at the shoulder of 
the curve [Zone IX and above with modern films), This occurs at 
high exposure levels and shows graphically the compression of detail 
in subject areas that are overexposed, frequently called "blocking" 
of highlights. A given exposure increase no longer yields much den- 
sity increase, and value separation is diminished or lost entirely, 
Where the curve levels off at the top of the shoulderis the maximum 
density possible for the film and development combination, called 
Г. Once Das is reached, further increases in exposure produce 
no additional density. [Actuallv, very great increases in exposure 
beyond this point will cause a reduction in densities, a reversal effect 
called solarization. "| 

Contemporary emulsions have a much longer straight-line section 
than earlier Films, and frequently they do not shoulder off until a 
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very high level of exposure is reached. The result is à greatly reduced 
tendency for highlights ta "block up," making development con: 
traction somewhat less critical than in the past. However, light scat- 
ter within the emulsion and other effects produce a loss af acutance 
in high-density areas; ^ thus it is always advisable to (осер exposure 
at the appropriate minimum. 


Exposure in Zones 


lf we consider the log exposure scale in intervals of 0.3, cach such 
interval represents a doubling or halving of exposure, and therefore 
corresponds to a ane-zone exposure change. I we can locate one 
specifie zone on the scale, the others must fall into place at intervals 
of 0.3 log exposure units. We will thus have a link between camer 
exposure and the exposure units of sensitometry. 

The key point is at the threshold; we consider a density of 0.10 
above Glmbase-plus-fog density as the useful threshold. The expo- 
sure that yields this first significant net density of 0.10 is established 
as the Zone I exposure point, Zone И exposure is then 0.3 units to 
the right of ir, Zane Ш is 0.6-units to the right, etc. We can then 
inspect the curve and see what densities correspond to each exposure 
zone for this film and development. 

This procedure is applied as practical exposure information in the 
test ? that determines the film speed rating that gives 0.10 net den- 
sity for Zone 1 exposure. lf, for example, using the manufacturer's 
recommended ASA number, we find that a Zone 1 exposure produces 
а density higher than 0,1, we can reduce this exposure by assigning 
a higher ASA film speed number, If the Zone I density is consistently 
below 0.1 we use a lower ASA number to increase the exposure until 
the aptimum valuc is achieved. 


Gamma amd Contrast 


The film's contrast can be measured by determining the slope of the 
straight-line portion of the curve. The slope is the ratio of the density 
change to the exposure change in the straight-line region, and is 
given the name gamma. Gamma, then, equals change in density 
divided by change in log E in the straight-line region. A Alm with a 
higher value for gamma will have more contrast than a film with 
lower gamma, it should be clear, for example, that a one-zone cx- 
posure change produces a greater density interval with a higher 
gamma film than with a lower gamma film. 
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There are some limits to the usefulness of gamma as a measure of 
negative contrast, however. Par one thing, not all films have a long 
region that closely approximates a straight line. Even when a true 
straight-line region is present, gamma gives no measure of the nature 
or extent of the toe region of the film, which is af great importance 
in photography. Several different contrast measures have been de- 
veloped over the years with the intention of supplanting gamma as 
a contrast indicator, One such index is called mean gradient (written 
С], and another is the Contrast Index (CI) system used by Eastman 
Kodak. Both approaches define limits on the film curve to be con- 
nected by a straight line, and the slope of this line is then measured. 
I find such systems confusing and uncertain in applied photography, 
and I still consider gamma the most useful figure. No index, includ- 
ing gamma, is nearly as informative as comparing the entire curves 
of two films, or of one film under different processing conditions. In 
addition, many contemporary films have exceptionally long straight- 
line sections which, in my opinion, definitely change the concepts 
of contrast measurement, 


Comparing Curves 
A single characteristic curve tells much about a film, but is probably 


of greatest use when compared with another curve. lf you are familiar 
with the characteristics of one film and development in practical 
terms, you can learn a great deal by comparing a curve representing 
this system with another curve that represents a new Alm you wish 
to try, or a modification in development time. With practice one 
learns to "read" curves and their comparative values with ease. Some 
important points of comparison are the following: 


Speed point, Locate the point on the two curves where the film 
reaches a density of 0.1 above filmbase-plus-fog level. Then compare 
the two values on the log E scale where this paint occurs. The curve 
with the lower exposure value required to reach the speed point is 
the "faster" film. This information is particularly valuable if we are 
comparing the curves of one film under different development con- 
ditions. ? If, for example, we find that a certain change in develop- 
ment moves the speed point 0.1 log E units to the right, we know 
that one-third stop more exposure is required to reach the effective 
threshold, or Zone I density. 


Curve shape, Obviously, a difference in the slope of the straight-line 
sections of two curves indicates different contrast and separation for 
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those exposure zones that produce densities in this region. Ш you 
mark off the log E scale in zones, working from Zone I at the thresh- 
ald point and moving to the right by 0.3 units for each zone, you can 
determine just which zones fall within this region. You may then 
be able to draw conclusions about the density range that results from 
a given range of zones. You may find, for example, that a new film 
exposed to Zones III to VII will yield a density range you expect for 
Zones Ш to VIII with your standard film, etc. 

Then compare the toe regions, noting which zones produce these 
lower densities. Some films have a longer toe than others, and this 
will affect the rendering of the low values. Kodak's films intended 
for studio use often have à longer toe than films intended for general- 
purpose and outdoor photography. The reason is that Hare “tenda to 
be less a factor in the studio than outdoors, and higher flare has the 
effect of "lengthening" the toc. Some Kodak films for studio use are 
described as “all toe," meaning they never really reach a straight- 
line configuration. 

Most films today have very long straight-line regions, but if a 
shoulder is present, you should observe at what zone the separation 
of values begins to diminish. This may be especially important with 
curves representing development modifications. 


Effect of Development 


Changes in development alter the shape of the characteristic curve, 
as might be expected from the fact that they are used to expand or 
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contraer the negative density scale. |It should be clear by now that 
exposure changes alone, as when changing film speed ar zone place- 
tent, йо nat alter the Curve shape, hut merely correspond Lora change 
of position along the log E scale! 

As shown in Figure 4-29, increasing development has the effect 
of raising the contrast. af the negative, indicated by the higher slope 
of the straight-line region of the negative given more development 
Thus а given range on the exposure scale (corresponding ta a certain 
range of luminances in the subject) translates to a greater range ot 
negative densities with increased development. 

[he toe region of the curve is affected Jess by the development 
increase than the middle and especially the upper regions. On the 
curve the densities corresponding ro low zones are not greatly af- 
fected by the development change [and are thus controlled primarily 
by exposure alone), With earlier films, the toe remained virtually 
unchanged, but contemporary films show a somewhat greater ten- 
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dency for the low densities to shift as development is modified, al- 
though certainly still less than the middle and high values. 

The effect of reduced development is also shown. “The two curves 
show that the entire scale of the negative has been reduced; the low 
values drop slightly, but the high values are reduced by a greater 
amount, causing a reduction in overall contrast. іє should also be 
apparent that a compression of local contrast occurs due to the lower 
slope of the curve. 

Note also that the effective threshold and toe region also tend to 
move as the development is changed. Increased development moves 
the threshold to the left, indicating that less exposure is necessary 
to reach the threshold, and reducing development moves the thresh- 
old te the right, indicating that an increase of exposure is required, 
The amount of exposure increase needed to compensate can be de- 
termined by comparing the threshold points of the two curves, as 
described above. If you have not made such careful calibrations, it 
is usually wise to give an extra half-stop of exposure to a negative if 
vou plan to develop it at N = 2. 


Full control using the Zone System requires individual processing 
of each negative, obviously not practical with roll films. It is amis- 
take, however, to assume that the Zone System therefore "does not 
work” with roll-film cameras, since it is a practical expression of 
sensitometric principles, the Zone System remains valid, even 
though its use is somewhat different, At the minimum, it can pro- 
vide a framework for understanding the exposure-development con- 
siderations, and making informed decisions that relate the 
circumstances of subject luminance and contrast with the capabil- 
ities of the photographic process, While the Zone System allows 
considerable freedom to control the process to achieve our visualized 
abjectives, we also learn to visualize images within the limits im- 
posed by the process, regardless of format. With roll films we usually 
must accept the requirement for uniform development of the entire 
roll, and we can adjust our procedure to accommodate this fact. 
The absence of development control will mean a greater reliance 
on contrast control through the use of paper grades in printing, We 
can usually achieve satisfactory prints this way provided we have 
taken care in exposure of the negative to be certain that detail is 
present throughout all important subject values, As with sheet films, 
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there is little margin lor error on the side of underexposure, At the 
same time, a greater penalty is paid for overexposure with roll films 
than with sheet films, since the relatively high magnifications com- 
mon in enlarging small negatives make graininess an important con- 
sideration. If a single roll must be exposed to varying subject contrast 
conditions, | recommend very careful exposure to ensure adequate 
shadow detail, and then giving the equivalent of N= 1 development, 
Those negatives that represent high-contrast subjects will thus be of 
manageable scale, and lower-eontrast subjects can be printed on pa- 
pers of higher than normal grade. This procedure will minimize the 
build-up of grain [although the higher contrast papers will emphasize 
the grain that is present), and will ensure that most subiects are 
recorded with good detail and separation of values throughout 
Whenever possible it is best to expose an entire roll under similar 
contrast conditions. There are many occasions when one subject is 
photographed under consistent lighting, and an entire roll so exposed 
can be given modified development as the conditions require. There 
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are also many photographers who carry separate camera bodies (ог 
separate backs for medium-format cameras with interchangeable 
backs], marked for normal, normal-plus, and normal-minus devel- 
opment, and so forth. Film thus exposed to relatively uniform con- 
ditions can be given modified development, within limits: 

—A slight increase of developing time is usually acceptable, es- 
pecially if the negatives do not have to be enlarged greatly and do 
not contain large areas of smooth middle:tone value [such as the 
sky], which are especially revealing of grain structure. Because af the 
increase of grain size, however, true expansion in development is 
not usually practical beyond about N+ 1, although we can later apply 
other controla, such as negative intensification, “for individual pro- 
cessed frames. We can also use papers of higher than normal contrast 
in printing. 

—With high subject contrast, the developing time can be reduced 
to about 2/3 of normal without losing "body" in the shadows. How- 
ever, reducing development beyond about IN — 1 may cause the mid- 
dle tones and shadows to be weakened in separation, and the 
resulting prints may be flat and "muddy." Variations in development 
procedure, such as the two-solution or high-dilution formulas, * may 
hc helpful when considerable contrast reduction is necessary. 

Image quality with 35mm cameras can be significantly improved 
by taking a few other precautions: except with moving subjects 
which require mobility of the camera, use a tripod if possible, both 
to avoid camera motion and to permit small apertures, which in: 
crease depth of field. Fill the frame: move close to the subject or use 
a lens of as long a focal length as appropriate to eliminate the need 
to enlarge only a section of the frame. You should also use lenses 
and gelatin ar optical glass filters of the highest quality. 


The Zone System procedures described apply to the use of conven- 
tional black-and-white negative films, and with modification of 
scale, to color negative films. Reversal films [that is, those which 
produce a positive image directly rather than a negative] call for a 
somewhat different approach. Such films include transparency ma- 
terials and Polaroid Land prints. 

The procedure discussed with negative films was to expose for the 
shadows and develop for the high values, based on the use of expo- 
sure alone to control the low-density areas, and exposure combined 
with development to control higher densities. The same require- 
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ments apply with reversal films, except that the low-density areas 
are now the high values of the subject, and the high densities rep- 
resent the shadows. This will be apparent if you examine à positive 
transparency or Polaroid Land print: the lowest deposit of silver [or 
dye if a color film] is in the high-value areas, and minimum density 
represents clear film or pure white paper base. The high densities 
occur in areas corresponding to low-luminance subject values. 

Thus the procedure for exposure placement and development con- 
trol [i£ any) is the reverse of that with a negative film. The most 
critical values for exposure are Values VI through УШ, and this is 
the area where the initial exposure placement should be made. Just 
which zone we use for the placement decision will depend on the 
scale of the specific material, and the subject at hand. Both Polaroid 
films and transparencies have a considerably shorter scale than con- 
ventional negative films, however, Few reversal materials will re- 
cord detail above Zone VIL and even this may be beyond the scale 
af some. A series of tests should he conducted to determine the 
practical scale of the Alm used before deciding where to place im- 
portant high values which must retain texture and detail. 

Once you have placed the important high values on the appropriate 
zones, you must consider where the low values fall. With the rela- 
tively short scale of positive materials, Zone ILis usually the "thresh- 
old” of useful exposure, and Zone Ш should reveal some substance 
and texture, With an average-contrast subject the low values may in 
some cases be underexposed. Pre-exposure ^ may be useful in en- 
abling us to increase the exposure scale of positive materials by at 
least one zone; the pre-exposure must usually be about on Zone Il 
to III ta be effective. 

It development modifications are possible, they will have their 
primary effect on the low values (higher densities. In the case of 
Polaroid Land black-and-white films, there is sometimes a signifi- 
cant amount of development control possible through extending ог 
decreasing the “imbibition time" of the print [sce my volume Po- 
laroid Land Photography]. 

Positive transparencies offer little or no opportunity for develop- 
ment modification to control the low values, It is nonetheless true 
that the high values are the most critical for exposure placement. 
High values that lose detail through too-high placement will be 
empty and distracting, the low values may continue to suggest sub- 
stance after the full detail has begun to be lost. For this reason, 
exposure with transparency film should favor ийбесин slightly 
rather than overexposure (the reverse of the situation with negative 
films). The actual limits of acceptable texture rendering will also 
vary depending on whether the transparency is viewed on a light 
box, projected on à screen in a darkened room, or planned for 
reproduction. 
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Although quite different from each other, filters and pre-exposure 
represent additional means of controlling negative values at the time 
of exposure, and thus both will be considered in this chapter. Filters 
are used in black-and-white photography to alter the value relation- 
ships of subject areas of different color, thus providing a kind of 
localized contrast control. Pre-exposure, on the other hand, is a use- 
ful means of extending the Blm's capability of recording shadow 
detail, and can be very helpful in handling long-scale subjects, Ex- 
perience is required before the effects of these procedures сап be 
visualized reliably, but once mastered, both can become an integral 
part of the viswalization-value control process. 


A filter is an optically flat material, usually gelatin or high-quality 
glass, that contains dves or compounds tn limit specifically its trans- 
mission of different colors [wavelengths] of light. А red filter has its 
characteristic color, for example, because it transmits a high per- 
centage of red wavelengths and absorbs most others. When used to 
control contrast with black-and-white films, a filter lightens its own 
color and darkens complementary colors in the values of the final 
print, when compared with a neutral gray in the subject, 

A good basic rule for learning the use of filters is to apply them 
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conservatively, starting with the minimum filtration needed. to 
achieve the anticipated effect. While learning the use of filters I rec- 
ommend making several extra exposures of the same subject with 
ditterent filters and/or exposure Factors to enable you to see the ef 
fects. Considerable practice and experimentation are required to be- 
come familiar with Filter effects, A few general guidelines specifically 
related to filters are given below; other considerations involving var- 
ious types of subjects are given in Chapter б, 

Keep in mind when using filters that their effects are partly de- 
termined by the color of the incident light. Combined sun and blue- 
sky light is considered about neutral in color, but the shadows of a 
subject, illuminated by the sky alone, contain much more blue than 
parts of the same subject in full sunlight. As a result a blue filter will 
lighten the shadows, and a blue-absorbing filter (yellow, orange, or 
red| will darken them. Other conditions to remember: 


l. The sun gives warmer (redder) light early and late in the day. 
Clear blue sky is very strong in blue, violet, and ultraviolet, espe- 
cially at high altitudes, 


2, A clear blue sky gives colder [bluer] light than a hazy or partially 
cloudy sky in which the haze or clouds scatter sunlight. 


à. The light on an overcast day is about the same color tempera- 
ture as the light from sun and clear sky. 


4. Shadows illuminated by open sky alone are colder [bluer) when 
the sky is clear than when it is misty, partly cloudy, or overcast. 
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Table 3. Frequently Used Filters 


Filter Effect 


Li Yellow filters that moderately darken hlue tky and shadows illuminated 

#4 by bise skylight, and lighten foliage. The #3 leer [Formerly designared 
Rd) ie Frequently considered а correction Alter whieh gives approximately 
“normal” visual rendering of daylight-(hurinated colic with panzhra- 
matic tlm. 

#12, Deeper yellow filters with correspondingly greater effect than the #6 and 

#15 #8, The 912 Alter is "minus blue,” meaning tt absorbs virrually all light 
ab blue wavelengths. The 815 filter absorbs some kreen light as well zs 


all blue. 
#11, The #11 is alight yellow-green, 3t 13 is similar but stronger, and the &^58 
v 13, is a atremg tricolor green filter [eee page | lêl. These darken blue sky val- 


PSR ties and shades, às well zs red subjects, and lighten foliage somewhat 
igreen Filters in general may have less effect on foliage than expected, 
partly because of the reduced sensitivity of panchromatic films to green.) 
The #11 filter is considered to provide “correction” when using panchra- 
matie Elm under eungsten illumination, and the $13 15 somewhat rtro- 
ger in effect. 


These red filters tend та darken blue sky and sky-ilaminased shadows 
considerably and produce evang contrast elieces; they alen darken diffuse 
#79 teflection trom foliage. The #244 ts течна, hor has abour the same 
effect on landscape subaects 4s the #25, The # (deep, sharpecuming tri- 
color red; see page 115] gives maximum contrast with landscape and 
other siruatinmns. 


#47 A blos filter (trionbor) that lightens the sky and darkens ропе foliage anil 
rede. The use af a blug filer cxaggerates atzmispheric eficcrs. [Sec раве 
Ms. 


s dd À Münris-red. This filter, used with a panchromatic emulsion, simulates the 
effect of an erthochromatic film. emphasizing blue and green. 
Use nf Contrast Filters 


The most frequently used filters outdoors are the yellows, particu- 
larly the #8 (formerly known as K2|, and the #12 |minus-hlue). With- 
out such a filter, the sky tends to be toa light, merging in value with 
white clouds. Using a #8 filter deepens the sky moderately and 
brings out separation between it and the very light cloud values, as 
well as light rack or snow. Proceeding to stronger vellow filters and 
then to the reds produces a progressive increase in this effect. With 
a red filter a strongly saturated blue sky becomes extremely deep in 
value, and this exaggeration can be distracting unless judiciously 
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applied. A sky that is clear but of lower blue saturation will be af- 
fected less by the yellow, green, and red filters. It should be under- 
stood that a Alter that darkens blue sky will also produce deeper 
shadow values if the shadows are illuminated by the sky. In some 
cases the effect in the shadows is more pronounced than in the sky 
itself, and the overall result can be an excessive increase in contrast, 
It may be necessary in such cases ta increase exposure to retain detail 
in the shadow areas. The orange and red filters also absorb green, 
further increasing the overall contrast in landscapes. The use of 
overstrong filters becomes a questionable habit 

Atmospheric conditions often produce a visual haze that is пе 
duced or eliminated by even a light yellow filter, such as #6 and 
3&8. Ii smog is present, it can lend a yellowish tint to the appearance 
al rhe sky at the horizon, and a yellow or red filter may render it 
excessively light. Normal haze is usually composed of scattered blue 
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light, and is therefore reduced by hluce-absorhing Alters, In some in- 
stances the haze is more apparent in the photograph than to the eye 
because of the presence of scattered radiation af the "extreme-violet" 
wavelengths along with the blue; the eye sees only the scattered 
blue light, hut the film records hoth it and the extreme-violet (true 
ultraviolet, with wavelengths shorter than about 350nm, does not 
pass through the optical glass of most photographic lenses, and thus 
is not a factor), A #4 yellow filter or stronger, or any of the red- 
orange Alters, will eliminare this effect, as will the skylight or ul- 
traviolet filters discussed below, This atmospheric haze is largely a 
function of the distance to the subject and thus 1з most prevalent in 
distant landscapes (where “more atmosphere" intervenes between 
camera and subject); filtration is thus especially important when 
using a lang focal length lens ta photograph a distant landscape, 
since the accumulated haze may obscure desired detail. There are 
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occasional instances where it is desired to emphasize the atmo- 
spheric effect to lend a sense of depth and distance to a photograph, 
in which case à bloe Alter, such as #47, may he used. “Particulate” 
haze [composed of smoke or dust! is not very manageable with vi 
sual-light Alters; intrared Hlg will he more helptul 

The yellow filters also raise the value of green foliage to some 
extent, usually with satisfying effect. Orange and red filters absorb 
green and thus will darken foliage, and trees in shade, for example, 
may become excessively dark. Foliage may appear quite brilliant ta 
the eye because of specular reflections. A meadow of green grass ar 
rushes may sparkle with scintillations, and these can be emphasize 
if desired by using an orange or red filter; the filter lowers the values 
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of the diffuse areas of green while the specular reflections, which are 
direct reflections of sunlight, are not affected. 

Of the red filters, the #25 is widely used for contrast effect in 
landscape work. 1 find the #234 almost identical in effect, Биг with 
à hasic exposure factor of 6X compared with 8X far the #25. Both 
filters absorb blue light and nearly all green light. 

Green Alters |such as #11, #13, and 458) can render foliage more 
nearly at a level the eye perceives it to be than when no filter is used 
with panchromatic film. ^ The classic example is a red apple pho 


rographed against a green leaf; the eve usually perceives the leat as 
а lighter value than the apple, but panchromatic film may record 
them as nearly indistinguishable in value. The moderate and broad- 


See Appeniix 4, page 159 
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cutting green filters mentioned will reduce the red of the apple and 
raise the green somewhat, resulting in amore natural rendering. The 
#58 green is more sharp-cutting [meaning it passes a narrower green 
spectrum band that terminates more abruptly 7) than the #11 and 
#13. Since a green filter reduces the value of hath red and blue, | 
have found that it can give excellent balance of values in the natural 
scene. 


Film Response and Filters 


When a filter is used with a film other than panchromatic, consid- 
eration must he given to the specific response of the emulsion in 
relation to the transmission of the filter, With an orthochromatic 
film, which is not sensitive to red light, a red filter is obviously 


Sec Appendix 4, page 259 
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useless, since it transmits only light the film does not respond ta. | 
Orange filters are similarly not useful with arthochromatic films, 
bur yellow, green, and blue filters can be used for contrast effect 
With a blue-sensitive film a blue filter will have little effect, since 
it absorbs wavelengths the film does not respond to anyway. Green, 
yellow, and red filters all absorb blue, and thus cannot be used with 
blue-sensitive films. 

Type B panchromatic film is approximately uniform in its re 
sponse to light, but for critical applications the spectral response 
curve should be referred to. ^ Panchromatic films can be made to 
simulate orthochromatic response hy using a #444 [minus-red] fil- 
ter, which passes only blue and green light. Bluc-only sensitivity can 
be approximated with panchromatic films by using a #47 or #47В 
filter. 

Black-and-white infrared film is sensitized to the very long wave- 
lengths of infrared, beyond the visual range, but it also retains some 
sensitivity to blue. It is therefore necessary to use a hlue-abasorhing 
filter. The recommended Wratten #898 absorbs all visible wave 
lengths and thus appears opaque; the image must he composed with- 
aut the filter, or a camera with separate viewfinder used. It is usually 
more practical to use a #25 (ге) or #12 (minus-blue} filter, which 
gives about the same effect. 


Other Filters 


Skylight and UV-Absorbing Filters. As mentioned, extreme violet 
radiation invisible to the eye can affect photographic emulsions, fre- 
quently contributing to haze in distant landscapes. The skylight [LA] 
and ultraviolet-absorbing (2A, ZB) filters eliminate this effect with- 
out modifying the other values of the image. The skylight filter is 
particularly intended for color films to reduce the bluish cast in open 
shade which is caused by both blue and extreme-violet wavelengths, 
The UV filters are effective below about 400nm, roughly the limit 
of visible radiation, Some photographers keep one of these filters on 
their lenses at all times, both for their UV absorption and to protect 
the lens (these filters have no exposure factor of consequence). Since 
filters may cause some loss of optical image quality, I suggest lim- 
iting this use to adverse conditions such as blowing sand or salt spray 
from the ocean, 
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The Polarizer. Although not strictly a filter, the polarizer is appro- 
priately considered here because it has definite effect on the tonal 
values of a photograph. The theory of light polarization is quite com- 
plex, but in simple terms, light may be thought of as vibrating in all 
directions in its unpolarized state. Polarized light, on the other hand, 
vibrates in only a single plane, the others having been reduced or 
eliminated by the polarizing material or surface. Polarization can 
occur when light is reflected from certain surfaces or when it passes 
through crystalline structures like the synthetic polarizer material. 

The effect of polarization can be clearly seen using two sheets of 
polarizer, or two lenses from polarizing sunglasses. By looking 
through both sheets and rotating one in relation to the other, it will 
be seen that the amount of light transmitted varies. It is at its peak 
when the two polarizers are aligned in their direction of polarization, 
and almost no light is transmitted when the two are at 90° to each 
other. This effect is called cross-polanzation. ^ 

А single polarizer is frequently used in general photography to 
eliminate the polarized component of glare and reflection in subjects 
like water, glass, ice, wet pavement, polished wood, and shiny leaves. 
The polarizer is rotated while viewing the subject through it ta de- 
termine the orientation that gives the desired effect; it is then placed 
over the lens at the same orientation, lÎ a view camera or single-lens 
reflex is used, the viewing can be done through the camera with the 
polarizer in place over the lens. 
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Maximum polarization of the sky occurs at about 90° from the 
sun, and with light reflected trom a surface, maximum polarization 
occurs at about 56? from the normal [Brewster's angle], or 34° from 
the surface, Because of the change in values as the polarizer is rc 
tated, photographers frequently assume the exposure factor must he 
increased as the degree of polarization increases. This is not the case! 
When used at the non-polarizing angle, the polarizer acts as a neutral 
density Filter with a factor of about 2.5; at maximum polarization 
the same factor applies. If we increased the factor as the degree of 
polarization increased, the non-polarized areas would be overex- 
posed, The same factor applies regardless of the film or the light 
scuree. 

[n addition, when the polarizer is used to remove reflection from 
a large surface such as a body of water, the details of the underwater 
surface are revealed. These values may be quite low, and we may 
then wish to recalculate exposure to ensure adequate detail therein. 
[he polarizing effect may be evaluated through a spot meter [рто- 
vided the meter's own optical system does not contribute to the 
polarization effect), Polarization of intense sun glare on water will 
reveal more texture in rhe wery bright areas, but such extremely 
strong reflections cam be only partially removed 

We must also realize that, aesthetically, removing the glare and 
scintillations may alter the character of the subject. Brilliant spec- 
ular highlights are often of great aesthetic importance, and reducing 
or eliminating them may leave che subject relatively dull and liteless. 
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Water and wet surfaces, or sunlit clouds, can become quite "dead" 
in appearance, and skin may look flat and “waxy.” Fortunately the 
degree of polarization can be judged visually, and we can use only 
partial polarization if appropriate. 

When the polarizer is used with a wide-angle lens, the increase in 
polarization near maximum region (90° from the sun] may exaggerate 
the contrast af different sky areas. Broad expanses of sky frequently 
show à difference in value even without the polarizer applied, and 
it may or may not be desirable to emphasize this difference of value. 

When used with color films, the polarizer offers the only way of 
darkening a blue sky. In addition, the polarizer may have a slight 
warming effect with color films, but not usually to an objectionable 
degree. 

The polarizer can reduce reflections and glare that you may not 
even be aware of, such as those from shiny leaves, wood surfaces, 
and rack; and with color films this frequently causes a rewarding 
increase in overall color saturation. I experienced an example of this 
effect in Hawaii. Viewing a red-earth cliff in Kauai, I observed that 
applying the polarizer at the maximum angle caused a marked deep- 
ening of the color, although the angle at which | was viewing the 
cliff was not even close to 56°. The effect was caused by the fact that 
the many minute crystals in the soil were randomly oriented at the 
optimum polarizing angle, and the polarization of these small crys- 
tals served to lower the total reflection from the soil. 


Neutral Density Filters. The neutral density filters are designed to 
reduce the exposure uniformly across the visible spectrum, and they 
can be useful, for example, when a relatively fast Alm must be used 
under bright conditions. Since the ND Alters opacity is given in 
density units, an MID 0,30 is equal to a one-stop exposure reduction, 
0.60 equals two stops, 0.9 equals three stops, and so on. Since these 
are logarithmic values, ND 1.0 has a factor of 10, 2.0 has а factor of 
100, 3.0 a factor of 1,000, and 4.0 a factor of 10,000 (or 13*à stopali. 
ND filters are usually available in units of 0.1, equal to à one-third 
stop reduction, up toa density of 1.0, and then 2.0, 3.0, and 4.0. They 
are manufactured in gelatin and glass. 

Neutral density filters can be combined to achieve the desired 
exposure, and the density values of each filter are added; if you use 
the arithmetic exposure factors, however, they must be muJtiplied. ^ 
As with all combined filters, surface reflections may cause some 
additional loss of light [requiring an increase of exposure) as well as 
an increase in flare. 


See Appendix 4, page 250 
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One common use of IND Alters is when exposing one subject with 
two films of different speeds. For example, a studio photographer 
may make а test photograph with Polaroid film prior to exposing 
calor transparency material. By using a high-speed Polaroid film and 
adjusting the exposure with ND filters as required, he avoids the 
need to change the aperture, and can therefore view depth of field as 
it will appear in the final image. 

Tricalor filters are basic color separation filters that have a fairly 
sharp discrimination of the primary colors — blue (#4761, green 
| &&1], and red [829]. We should be somewhat cautious in using them, 
as they are truly sharp cutting. ? Practically speaking, these filters 
do add contrast to the photograph, but they have a high exposure 
factor and very often a less severe filter will suffice. T find the #29 
useful under extreme haze situations. Dp not confuse the tricalor 
filters, which pass only one of the primary colors, with the contrast 
filters, which absorb a primary color: minus-bluc (#12), minus-red 
[#44], and minus-green [532]. 


Filter Factor 


Because a Alter withholds some of the light from the subject, the 
exposure must be adjusted to compensate by applying the filter fac- 
tor, 9 The factor is a property of the Alter |in reference to the color 
of the light and color sensitivity of the film), and is listed by the 
manufacturer. In some cases separate factors are given far daylight 
and tungsten light, and the factors may have to be adjusted if the 
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filter is used with any film other than the normal panchromatic Type 
B or daylight color film. 

The Alter factor is based on maintaining а middle-grav density 
value for a neutral gray subject {such as the gray card] under the 
lighting conditions specified. A departure from normal daylight may 
alter the effective factor, depending on the film and filters used. Thus 
a blue filter has a lower factor under strong blue lighting, such as the 
very intense blue sky conditions at high altitude. It will have a higher 
[actor under warm light, such as carly or late in the day, or with 
tungsten. With a red filter the situation is reversed: the factor is 
higher under very blue lighting and lower under red-rich light. En- 
vironmental conditions, for example light reflected from a nearby 
colored building or from green foliage, must also be considered, and 
the effect estimated in applying the factor. 


Combining Filters 


It is sometimes thought that using two or more filters together in- 
tensifies their effect. In general, though, adding filters of the same 
group |yellow, green, red, or blue! tends in visual terms to give only 
the results of the strongest filter of that group. For example, using 
a #В and #15 filter together gives the same visual effect as the #15 
filter alone. The factor would be increased slightly because of the 
extra hase density of the two filters and light loss due to reflections. 
Adding filters of different groups is seldom helpful, since there is 
invariably a single filter that will give the effect sought in practical 
work, 

There are cases where combining filters is useful, however, such 
a5 with precise color correction or when using the polarizer or meu- 
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tral density filters together with a contrast filter. Remember in these 
cases that the factors of each filter must he multiplied or applied 
successively to the basic exposure. For example, the polarizer [3.5 
exposure factor) used with a #25 red filter (factor 8) would require 
а total exposure adjustment of 2.5 x 8, ог 20x 
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When photographing a subject of high contrast, the normal proce- 
dure is to use contracted development to help control the negative 
scale, but in some cases the reduced contrast, especially in the lower 
values, is not acceptable. It is helpful in such cases to raise the ex- 
posure of the dark (low luminance) subject values. This effect can 
be achieved using pre-exposure of the negative, a simple method of 
reinforeing low values. 

Pre-exposure involves giving the negative a first exposure to a uni- 
form illumination placed on a chosen low zone, after which the 
normal exposure of the subject is given, The pre-exposure serves to 
bring the entire negative up to the threshold, or moderately above, 
so that it is sensitized to very small additional levels of exposure. It 
will then retain detail in deep shadow values that would otherwise 
fall on or below the threshold and therefore not record. 
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Suppose, for example, we have a subject with a luminance scale 
from Zone II ta Zone УШ, and we wish to record full detail in the 
low values. We might first consider an overall increase of exposure; 
if the deep shadows are placed on Zone III instead of Zone Ш we will 
certainly maintain full detail there, but the high values originally on 
Zone МШ will fall on Zone IX. Reduced development |N — 1] would 
lower the high values, but this procedure is sometimes not satisfac- 
tory, either because of the specific film-developer combination in 
use, or because of the loss of separation in lower and middle values 
that results. 

Using pre-exposure at the original exposure placement, we can 
raise the shadow values without affecting the middle and higher 
values. The effect can be understood by considering the units of 
exposure in the following example, where the pre-exposure was on 
Zone Il: 


Zones: | п mnm im ¥ wi VH Шш IX 
Basic Exposure 

(Units): | 1 4 8 lé 33 бї 08 256 
Added Units of 

Pre-expasure: 1 е 1 1 i 1 1 1 1 
Total Units of 

Exposure: а 4 6 10 18 34 66 BO 258 


Note that the pre-exposure has the effect of adding 2 units of ex- 
posure throughout the scale; this value of 2 units 1s determined by 
the fact that the pre-exposure was on Zone II, and the basic exposure 
gave 2 units for a Zone II exposure. Thus the Zone Il arca receives 
a total of 4 units, the equivalent of a óne-zone increase [Zone TIT 
received 4 units without pre-exposure), Zone 1 is raised by the pre- 
exposure from 1 to 3 units, or higher than the original Zone II. By 
Zone V, however, the proportional increase is much smaller, only 
from 16 to 18 units, and Zones VII, VIII, and IX can be seen to have 
a negligible increase from the pre-exposure. The effect of the pre- 
exposure is thus visible only in the low values, with no apparent 
change in higher values, 

Note that the low values of the negative in this example have all 
received at least a Zone II exposure, while the high values have 
received about normal exposure, The negative scale is thus com- 
pressed and should print quite readily with good separation through- 
out. The overall Value Il density in deep-shadow areas will hold 
detail, and can be "printed through" as desired to achieve depth and 
richness. 


Gee Figure 5-18 


See Book 1, pages 7-59 
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Preexposure is entirely satisfactory for supporting small areas of 
deep shadow, but it should be used carefully if the deep-shadow areas 
are large. Under these conditions it can appear as а false tonality, 
and large shadow arcas of uniform value can take on the appearance 
of fog. Lower placement of the pre-exposure luminance will reduce 
this effect, and careful printing is called for. 

The procedure for pre-exposure is very simple with a stationary 
subject and a camera capable of double exposure. We set up the 
camera оп a tripod, compose, and perform the normal exposure cal- 
culation. We then give the separate pre-exposure to a uniform lu- 
minance, which for black-and-white films can be placed about on 
Zone | bo IV (usually about Zone Ш with positive color and Polaroid 
films — see my Polaroid Land Photography]. 

I have made a diffusing device of translucent Plexiglas ^ which 1 
simply hold against the lens for the pre-exposure. To determine the 
pre-exposure setting, | place the diffuser over the lens of the spot 
meter [а wider-angle meter can be used), and aim in the same direc: 
tion the camera is pointing, being sure to stay as close as possible to 
the lens axis. The device must be shielded fram extraneous light, 
such as direct sunlight falling on it, when reading its luminance. 
Remember that since the diffuser will be placed over the camera 
lens, the diffused light used tor this reading must be the same as that 
entering the camera lens, it would be quite inaccurate to take read- 
ings trom another direction. Once the luminance reading has been 
made, it is placed on the desired zone for pre-exposure = usually 
Zune Il. The indicated exposure is then set on the camera, and with 
the device over the camera lens |again carefully shielded from extra- 
neous light] the pre-exposure can be given. This is followed by the 
normal exposure of the subject. 

Without such a diffusing device, the pre-exposure can be made 
using any smooth unifarm-luminance surface. This can he a gray 
card, but any smooth wall, flat painted board, or other single-value 
surface is alse ideal. We simply read its luminance and place this 
value on Zone II, or as desired. Focus the lens at infinity, be sure not 
to focus on the surface, since any texture it may have should not be 
recorded, and a close focus distance would require compensation for 
the lens extension. ~ You must also be careful that the surface ос» 
cupies the entire field of view of the lens. Note also that, if a card is 
used, a slight change in its tilt in relation to the direction of the light 
will seriously affect its luminance and can introduce glare; thus ide- 
ally it should be held in place on a stand (or by a reliable assistant]. 

Sheet films in separate holders and Polaroid 4 x 5 films can he pre- 
exposed in the studio under carefully controlled conditions, and then 
carried along with unexposed film for use when circumstances re- 
quire it. The holders or Polaroid film envelopes should be clearly 
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marked with "PX" and the pre-exposure zone, and they should be 
carefully segregated from normal film. 

Preexposure with roll film is quite simple with a camera capable 
ol making double exposures, including those like the Hasselblad 
which permit making a pre-exposure and then removing the film 
magazine to reset the shutter without advancing the film. You may 
also pre-expose an entire roll in the darkroom by using a weak tunge 
sten light to expose the entire roll and then carefully rewinding the 
roll and sealing it. | suggest that the exposure be adjusted by changing 
the light intensity, distance, or time to achieve a pre-exposure den- 
sity of 0.20 to 0.25 above filmbase-plus-fog. ЇЇ you cover a small area 
at the end of the roll during the pre-exposure you will have a clear 
film area to compare with the pre-exposure density. Be sure the pre- 
exposure illumination is uniform and consistent, and do not fail to 
mark each pre-exposed roll clearly. 

Pre-exposure to a color can be used with color films to alter the 
huc in the shadow areas with little or no effect elsewhere. It is thus 
possible, for example, to reduce the bluish cast of shadows illumi- 
nated by the sky. Either color-compensating filters or a colored sur- 
face can be used for the pre-exposure, provided only that the color 
employed is complementary to the one you wish to reduce in the 
image [yellow is appropriate for reducing blue in shadows|. Testing 
and experimentation are required, but this method does give re 
warding results, The use of stronger colors in pre-exposure may pro- 
duce interesting non: realistic images. 

The general effect of pre-exposure is not unlike that from the use 
of an uncoated lens. Such a lens contributes an overall flare ex: 
posure that clevates the total effective exposure in the shadow areas 
of the negative. | frequently found this helpful in earlier years (before 
coated lenses were developed) for working with a high-contrast sub- 
ject. The effect is far less controllable than pre-exposure, however, 
and can contribute unwanted side effects, such as the "halo" ap- 
pearing around light sources. With color films, an uncoated lens can 
also add an undesirable color cast if the subject has strong colors, 
such as a large expanse of green foliage, red brick wall, or blue sky. 
A subject with a predominance of high-luminance areas will produce 
high flare levels. 


Chapter 6 


m ll: Thumnler Cloud. Ureicorn 
Tusemire Martino Pari. Flac- 
anim pm done VI no ensure 
| meant the cunisers fell about 
fone 1 amd the light velkew filter 
rêde bewend their value. The Film 

Il A actual working 


иези of light 15 well sus- 
mined. Using a romper [ver wok 
hn Феман the sky values as well as 
thadews within the clouds, The 
might have berm more dramatic 
Pet Be quality of light could have 
е Jost. Since the camera WHE 


and tbe Жр lowered it lesa than 


Natural Light Photography 


By now the reader should have an adequate understanding of many 
af the technical issues involved in recording a visualized image. In 
the preceding chapters, together with Book |, we have discussed 
separately the considerations of image management and value con- 
trol. These are not separate issues, however, and the photographer 
must integrate them as he visualizes and executes a photograph. In 
this chapter I would like to offer some practical information on var- 
imis subjects and lighting conditions. Considering photographic sit- 
tations by subject type should help make it clear how the elements 
combine and interact. 

| will also be discussing some of the aesthetic issues of photogra- 
phy. Since aesthetic matters are essentially subjective, same of my 
observations in this area are personal and may not fully apply for 
each individual. It is not my intention to impose my “vision” an 
others, but to assist in the development of creative expression, what- 
ever form that may take, by offcring some suggestions on ways one 
may think about light and subject matter. ] would like to repeat here 
that the making of photographs is the prime function of the photog- 
rapher. Once the craft is under intuitive control, the creative objec- 
tive is more positive and assured. Proficiency of craft should by no 
means be considered the goal in itself. The emphasis today on tech- 
nique, equipment, materials, and gadgetry can he overpowering, 
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Ihe dominant direction of daylight is from above, or occasionally 
from the side, as at sunrise and sunset or when light is reflected from 
law clouds, mountains, or buildings. Our basic impression of the sky 
as being above the earth, and ot most ligh 
direction, 15. COG strongly fixed IH Our CONSCIOUSNESS TC he overcome 
readily, Think of the appearance гм practically evi rything in the out- 


s coming in a downward 


of-doors: shapes, volumes and planes are revealed and are recogniz- 
able partly because of our understanding that light comes principally 
at various angles from above. When confronted with evidence al 
another direction of illumination we must make same mental ad 
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justment, It may be a simple one of it may require definite effort, 
and it may produce pleasant or unpleasant reactions. The mood of 
thunderstorm light, for example, may be dramatic and emotional, 
the light reflected horizontally through a long passageway may have 
bleak and disturbing qualities. Figures illuminated by a campfire 
appear quite logical when the campfire shows or is definitely sug- 
gested in the image; when the fire does not appear, however, the 
lighting of the figures may be felt to lack a visual “explanation.” A 
person viewing the photograph may be confused, although the pho- 
tographer accepts it without question, as he remembers the original 
аиа. 

We may similarly have a strong negative reaction to the typical 
passport or driver's license photograph, which often requires that we 
make a considerable mental adjustment just to recognize the subject! 
This response occurs largely because che illumination is flat, usually 
coming from near the camera position; the negative is also often 
overexposed so that the planes and angles of the face are not well 
delineated. The projected personality of the subject in a photograph 
depends as much on the complex relationship of these elements in 
the face as on the evidences of a mobile expression. 

In landscape photography we must not overlook the subjective 
importance of the luminance range. On an overcast day, or with a 
subject entirely in shade [sunlight], this range is much shorter than 
with sun-and-skylight. In addition, we may have areas of the subject 
that are shielded from both the sun and the sky, and illuminated by 
light reflected by other parts of the subject. The luminance of such 
areas is usually very low, Lest the foregoing seem unnecessarily ob- 
vious, it should be pointed out that too few photographers are fully 
aware of what light value can mean in both practical and emotionally 
expressive terms. Awareness of the subject luminance range is es- 
sential to adequate visualization of the final photograph. The impres- 
sion of light is important in nearly all photographs; it is very subtle 
and sometimes difficult to achieve. 

The clearer the air, the mare intense the light fram the sun and 
the less intense the light from the sky, and therefore the greater the 
difference between sunlit and shadowed areas. When photographing 
in high mountains, the exposure of an average scene must usually 
be increased if the shadow values are to be rendered adequately, and 
the contrast may then be very high unless development is reduced 
lor contrast may be reduced by using a blue filter or pre-exposure). 
On the other hand, in regions where the air is laden with smoke and 
haze from industry, the intensity of the sun's rays is reduced while 
reflection from the sky is increased, When the sky contains light 
clouds or haze, the shadows are more strongly illuminated and the 
ratio of sunlight to skylight decreased further, Less contrast results, 
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and you сап compensate with slightly reduced exposure and more 
development. 

[he revelation of shape, volume, texture, and color possible with 
any subject in sunlight should be fully appreciated, These qualities 
are determined not only by the differences between sunlight and 
shadow brightness in the subject, but by the angle of the sun to the 
planes of the subject and by the nature of the shadow edge. The 
shadow edge is related to the effective width of the light source (that 
is, its angle as ét appears fram the subject), and ta the distance from 
the subject to its shadow. The sun is about ¥?" of arc in apparent 
size; were this angle larger, the shadow edge at a given distance from 
the shadowing object would be broader and more indefinite. A 
amualler angle would CALE the ahadow eee ЕП appear sharper. Some 
point-source artificial lights, such as arc lamps and spotlights, pro- 
duce sharp shadows even when the shadow falls at à great distance 
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from the subject. To reproduce artificially a shadow edge like that 
formed by the sun would require a light source whose diameter and 
distance from the subject were such that it subtended 15° of arc [with 
a bright area of diffused light surrounding it), Sunlight shining 
through a small opening in foliage will have a reduced effective 
width, and the shadows may become sharper. 

The quality of sunlight is also recognized by the acuteness of high- 
lights. A broad light source produces broad highlights, and a point 
source produces small, sharp highlights. Thus a variation in the ap- 
parent size of the light source modifies the highlights of a subject. 
As the direct rays of the sun are progressively veiled by light clouds 
ûr haze, the shadow edge and the acute highlights both become more 
diffuse; under an overcast sky or in open shade the shadow edge and 
highlights attain maximum diffusion. To use a comparison trom the 
terminology of artificial light, | we can think of sunlight as the 
"main" light and skylight as the "fll" or “enveloping” light. 

Consideration of design — in the photographic sense — is of ex- 
treme importance in visualization of the image. Great enthusiasm 
for the subject sometimes veils a clear concept of the image of it! An 
exciting subject may exist in an environment of field and sky, but 
in the print this "space" may appear as dull, neutral areas of dis- 
rressingly low interest. Space in nature is one thing; space confined 
and restricted by the picture edges is quite another thing. Space, 
scale, and form must be made eloquent, not in imitation of painting 
arrangements, but in terms of the living camera image. 
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In mixed sunlight and shade the reflective values of the subject are 
modified by the extremes of light intensity. Direct sunlight is usu 
ally about eight times as bright as open shade, although this ratio 
can be higher in very clear air or lower if mist or haze is present. An 
extreme example would be a figure standing in û shaft of sunlight in 
a dense grove af trees. [n this case the ratio between sunlit skin and 
deep forest shadow maght reach 1:800 or higher. Errors of judgment 
on such a full range of values are inevitable, because the сүс has a 
far greater adaptability to extremes of brightness than does the pho- 
tographüc film, 

The main problem is to preserve the impression of light falling on 
the subject, A print intended to convey an emotional sense may 
differ from a "literal" record. You must visualize the final expressive 
print, exposed for the desired values of the shadows and with high 
values controlled by development and printing procedures, A single 
average meter reading of the usual sun-and-shadow scene is seldom 


Aer pars LT] 


bee Figures f5, 6-7 


See Pipa MA 


Faure 6—7. Pestana! Wiel, The ox- 
ан Ик on the beja reprises a mann 
tace irs dull ahil. Иін: light! 
Chi alus pela the winu la kn slanting 


sunlight ro emphasize texture. ln both 


cages lhe exposes were baseil on uv 
erar metres maling, and M+. devel 
pereng was given inr further textural 
Пел 


132 Natural Light Photography 


adequate for the best placement of values on the scale since, a3 dis- 
cussed earlier, < there is little or na margin for error with a subject. 
of high contrast 

Analyzing the сесі of sunlight on various objects demonstrates 
the importance of the angle of illumination in revealing shapes, 
planes, and textures. It should be obvious that maximum texture is 
revealed when the light "grazes" the surface at a low angle. The 
patterns of minute light and shadow areas thus created convey à 
tactile sense af the material and can greatly enhance its "presence." * 

When the direction of the sunlight coincides with the optical axis 
of the lens, the subject appears without shadow, but the cameras 
shadow is in the center of the field. A practical "axis" light is 
achieved by moving the camera until its shadow falls just outside 
the image area. A plane surface under such axis light reflects about 
equally from its entire area, but a curved surface reflects the maxi- 
mum light from the areas perpendicular to the light rays, with the 
intensity diminishing as the surface curves away from this plane. 
Under axis light the shapes are revealed not by strong contrasts of 
light and shade, hut by subtle variations within fully illuminated 
areas. As we approach the edge of the curve, most of the light is 
reflected away from the camera, and if the background is light, the 
edges of the subject appear quite dark, © This is known as the limb 
effect. IE the light object so illuminated is against а dark background, 
it presents a somewhat indefinite outline, as the dark edge caused 
by the limb effect merges into the dark background. Axis light min: 
imizes textural effects, which require more ohlique lighting as de- 
scribed above. 

Almost the opposite of axis lighting is back lighting. Most subjects 
illuminated fram behind are outlined by diffuse and specular reflec- 
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tions of a relatively high brightness value. We see increasing glare 
from the subject planes as we turn the camera “inte the light"; che 
ratio of sunlit to shadowed areas becomes larger and the contrast 
increases. The parts of the subject toward the camera are mostly in 
shadow, even if these shadowed areas are of relatively high lumi- 
nance, the exceptional brightness of the directly illuminated edges 
will make them appear dark, and they are frequently underexposed. 

Assume we are making a portrait with the sun behind our subject. 
I we want to show separation and texture in the highlights of the 
hair, cheek and shoulder, they should fall about on Zone VII ar VIII 
but the face itself is in shadow and might then fall on Zone III. The 
resulting image would probably be disappointing and would fail to 
convey the mood of enveloping light that usually occurs with back- 
lighting. Visually we do not perceive the face as a dark mass sur- 
rounded by a halo of light, but rather the eye adjusts to elevate the 
value of the face to “normal” value. Thus the shadowed face should 
usually he placed about on Zone V [sometimes as high as Zone VII, 
and the high values should then be controlled by adequate devel- 
opment and printing procedures. Since they are at least partly spec- 
ular in nature, these high values can be allowed to fall quite high on 
the scale, particularly if they are not too large. This situation also 
suggests adding “All” light to the shadowed features, either by using 
a diffuse white reflector near the camera or through the use of dif- 
fused flash. ? 
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As а practical matter, movement of clouds before the sun can 
cause rapid shitting of light values, and meter readings that are valid 
atone moment may not be at the next, | advise setting up a gray cand 
jor any smooth, diffuse surface| and taking a luminance reading from 
it at the time vou make your evaluation of the subject luminance 
Just before making the exposure, take another reading of the cand; 
this will indicate how much vou need to adjust exposure. OF course, 
the contrast of the scene may also change, and you may have to 
make same quick mental eompensarion in both exposure and 
planned development time 


Shade |Diltused Light] 


In shade or on an overcast day, as with axis sunlight, the luminance 
scale of a subject is usually quite short, and expansion of values in 
processing is usually needed. One important difference between axis 
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sunlight and diffuse skylight is thar the latter casts broad and diffuse 
hut appreciable shadows, whereas in axis sunlight practically all 
parts of the subject are bathed in light and any shadows are very 
small and acute 

It is very important that the lowest values af a subject in shade be 
evaluated and placed on the exposure scale properly, The mood of 
the diffuse light is usually one of enveloping rather than directional 
light; all parts of the subject are almost uniformly revealed to the 
eye. If the lowest values are rendered black in the photograph, this 
illusion of enveloping light is lost, and а harsh, dead quality results 
Of course, there are always small shadows that can he rendered black 
in the print, but larger areas in which substance and texture are 
important should usually be fully revealed 

[he actual luminances of a scene in shade may be of fairly short 
contrast range, and expansion of the negative may help convey the 
impression of both light and substance. The contrast should not, 
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however, be carried to the point where the lowest important values 
are obscured nor the highest ones blocked. The opalescent qualities 
of subtle tones under diffuse light can be lost if the exposure is too 
great or if development is carried beyond the optimum. Do not strive 
to achieve "]uminosity" by contrast alone. 

We must also, however, watch for unexpected high contrasts, and 
not take for granted that subjects under diffused light are always 
"soft." In intricate subjects there may be deeply recessed areas af 
very low luminance values. Similarly, the heavy shadows from hat 
brims or eye sockets, in portraiture, or under natural objects like 
stones or logs, should not be overlooked. If the exposure is in the 
region attected by the reciprocity effect, these low values will be 
even further reduced, ^ 

We must remember too that open shade from blue sky usually has 
à high color temperature (it is "cold," tending toward blue|, and the 
usc af filters can have a considerable and unexpected effect. Filters 
that transmit blue will often help control contrast if it is excessive, 
arid the "minus-blue" filters will emphasize it. The exposure factors 
of yellow, green, and red filters must be increased under such con- 
ditions and the factor for blue filters decreased; an adjustment of 
about one-half stop is usually sufficient. 

There is no more beautiful illumination than that from open sky, 
including overcast and fog: it is favorable to the accurate rendition 
of related tones and colors that can be especially important when 
photographing fabrics, works of art, and so on. For portraiture and 
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the minutiae of nature it is exquisite, but it must be carefully con- 
sidered and evaluated so the print suggests the full subtlety of the 
light. 


General Landscape 


Let us consider a typical landscape situation, and then in the sections 
that follow I will give more detailed suggestions. I you are photo- 
graphing a scene made up of rocks, trees, and a sky with delicate 
clouds, your first impulse might he to apply a red filter to "bring out 
the clouds." You should first consider what your subjective reaction 
ta the scene is, and visualize the image accordingly. If the clouds are 
delicate, the application of a strong red filter would simply darken 
the sky and the shadows, creating a high-contrast effect that may 
not in any way relate to the desired mood. Considering a #6 filter 
possibly inadequate, you might then think of à #8, or a "minus- 
blue” #12 filter, which for many purposes gives the optimum effect 
out of doors, (The deeper #15 might produce too harsh an effect.| 

Now assuming the #8 filter is appropriate to your cloud-sky prob- 
lem, you must then review the other elements of the scene; photog- 
raphers frequently think only of the dominant elements and 
disregard others, with unfortunate results. If the landscape contains 
numerous large forms close at hand (rocks, for example] that cast 
large and deep shadows, the #8 filter may cause the shadows to be 
rendered so dark as to destroy the desired mood, that is, a mood of 
enveloping and delicate light. ЇЕ this side effect is anticipated, the 
most practical solution may be to use a #6 filter (being certain the 
shadows are placed not lower than Zone Ш with the filter accounted 
far], or to retain the #8 filter and give a slight exposure increase [ta 
help the shadows| with reduced development [to control the high 
values which may now be slightly overexposed]. The variations on 
this situation are endless, and some are suggested in the sections 
that follow, 


Foliage 


Nothing so definitely reveals the difference between visual and pho- 
tographic rendering of values as does the photography of foliage with 
panchromatic film. The eye perceives yellow-green more acutely 
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than other colors of the spectrum, but panchromatic film has a re- 
duced sensitivity in the same area. Visually the separation of foliage 
fram other objects in the landscape depends largely upon color con- 
їта&ї&. In a landscape viewed through a monochromatic filter |Wrat- 
ten #90), the average foliage appears an ar below the middle tones 
af the scale. The result is a rather dark rendering of the foliage with 
unfiltered panchromatic film in relation to other colors that appear 
to be of equal visual brightness. 

Foliage is composed of a great variety of colors, Dark conifers tend 
more to the visual blue-green, and also reflect a limited amount of 
extreme red, as is apparent when strong red filters are used. Bright 
poplars and maples have a definitely yellow-green hue. Few colors 
in nature have a high saturation, however, and foliage may be only 
about 30 percent green. In addition, specular reflections from sun- 
light will make certain types of foliage appear very bright but with 
a considerable dilution of the basic color. For example, we think of 
dogwood as a tree with green leaves and white flowers. But the leaves 
may have considerable specular reflection which, in sunlight, may 
be almost as bright as the Mowers. The polarizer reduces some, but 
not all, of the specular shine of the leaves, since the surfaces of the 
leaves are not all at the polarizing angle. 

When filters are used with sunlit foliage, caution must be exer- 
cised not to produce a harsh “chalk and charcoal" effect. Yellow and 
green filters will raise the values of sunlit areas but lower the shad- 
ows, since the latter are largely illuminated by scattered bluc light 
and green light of very low value, Orange and red filters will lawer 
the diffuse values of green leaves somewhat, and of course will ех: 
aggerate the depth of shadow value. When the foliage is in soft diffuse 
light ar in full shadow, filters will have less contrast effect than in 
sunlight, but the values of the green foliage will he raised when 
yellow, green, or yellow-green filters are employed. However, as 
mentioned, most foliage has a rather low color saturation, and the 
response to filters may not be as pronounced as expected. 

When contrast conditions permit, a more luminous rendition of 
foliage can be obtained by placing the metered values one or even 
two zones higher on the scale than normal, with reduced develop- 
ment time. This will favor the shadow values and preserve the 
impression of enveloping light. When the foliage appears against the 
blue sky it is often difficult to preserve the sense of contrast of green 
against blue in terms of black-and-white values. A blue Alber will 
darken the foliage and lighten the sky. It may be better in this sit- 
uation to use a monochromatic green filter like the Wratten #58. 
Try placing the sunlit values of the foliage on Zone VI, multiply the 
exposure by the published factor of the Alter, and develop the neg. 
ative to М + 1, The result will be approximately the following values: 
blue sky, Value IV, sunlit foliage, Values VI to VIL For dark conifer- 
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ous foliage [hluish-green, of low saturation! the sunlit foliage exposed 
on Zone V as above should not exceed Value V5 in the print. These 
examples are more conceptual than otherwise, no two situations are 
alike 

Autumn foliage is intrinsically more colorful than average green 
Баре ibut pod necessarily brishter), and iB d rule the yellows and 
reds are of higher color saturation. The use of £3, #12, and #15 
filters will greatly augment the effect of brilliance in the leaves, but 
the proportional deepening of the shadows at the same time is likely 
to create overharsh contrasts. I have bound that the most satisbactory 
effects are achieved by using a #8 ar #15 filter with a higher factor 
than normal and giving the negative reduced development. Autumn 
foliage is frequently overdramatized 
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Photographs of clouds often show a blue sky that is far too dark and 
sunlit clouds that are a textureless white, The use of contrast Alters 
can darken the sky to a marked degree, but unless the exposure is 
kept within appropriate limits, the whites of the clouds are almost 
certain to lose their appearance of delicate translucency. Carelessly 
handled, the substance of clouds can easily he distorted into either 
à chalk-white, shapeless mass or a dead, gray substance of drab "ce 
ment" quality. Except under unusual circumstances, clouds and the 
sky seldom require a heavier filter than a Wratten #8 or #12, and 
placement of values an the exposure scale using such a filter should 
he within one zone of normal in most cases 

[he rich, massive opalescence of cloud substance depends on mad- 
crate exaggeration of values. However, if landscape and clouds are 
to he photographed together, the problem is more complicated. Ex 
cept in open scenes with fairly flat light on the landscape, you are 
confronted with a full scale that you cannot expect to hold entirely, 
At the same time a major distortion of any important valuc may 
destroy the impression af light, A landscape containing clouds that 
are brilliant and full of light may also possess areas of shadow that 
will conflict with the tonal balance of the sky if rendered too dark 
through overtiltration or exposure for the light areas alone. In spite 
of the necessity for adequate interpretation of the high values in 


Hgure be 15. Meeting House. Glen 
lale, Шан. This is à атш йт: peint 
irom (he negariee. The mami of au 
rum lighe, ershanced by che аре 
color, was gently lumina. The nega 
Wee was made wish the intention ol 
conveying these qualities; there ia pe 
empty shadow nor burned-curt bigh 
value. This is not the optimam print, 
hoe, bet shone what the negative 
premens as mhermaizon erailable for 
inberpretzve printing: The lere was 
гі бот rmagr-marnage 
кашта [sev Bock Il, and ihe sky 
contig: was en вас е ип: the value 


тїгї be ihaj 


vb ilie upper lett corner palid, hive- 


ever lx: LETTEL ied in prinsing 


E URN Е‏ ههو 


pinum 


Pure 016. Thunder Cloud, ir 
Micia. from the Tengen ill 


Regine ud the Corer Valli ийни 
Sig A light теш filter |F was 
al anıl the mergi 


ЕНШ và 
bri ayes placed mam Vi warn МЫ = | 
frecluopment. The Hirer was ro pro 
йш тин variatinns id value єтїнїп 
Me chirals The feregmund shepes jun 
templet doud 
Ши 1 al ust be printed a estrone 


Maik 


haine i fell heima 


Natural Light Photography 143 


clouds, once you accept a shadow value as an essential part of the 
image, you must base your exposure on it and do the best you can 
to control the high values in development. Pre-exposure may allow 
you to give more consideration to the clouds in the main exposure 
It is almost certain that an average meter reading of a landscape with 
bright clouds will place the shadows of nearby objects on or below 
the threshold of the negative. (See Figure 6—17.| 

One ol the best ways to handle a subject of this type is to use a 
polarizer, providing the sky areas are about 90° from the position of 
the sun. The polarizer will lower the value of the sky and slightly 
clear the atmospheric haze effect, yet will not sacrifice the shadow 
value of nearby objects. I the polarizer is used with a wide-angle 
lens, however, the sky may have an obvious uneven value due ta the 
different degrees of polarization in different areas of the sky showing 
in the picture 
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5now 


Winter photography is difficult not because of the specific problems 
of brightness and contrast, but because the subjective interpretation 
of snow involves values af the utmost subtlety. In sunlit snow scenes 
you are confronted with an impression of enveloping light; the com 
trasts may be severe, but the general sense is one of crisp, luminous 
brilliance. All too often you see harsh, chalky photographs of snow 
subjects — blocked high values and inky shadows — or the opposite: 
salt, fuzzy grav images without clarity or vitality. Sunlit snow usi 
ally falls appropriately around Zones VII and VIII, and shadowed 
areas around Values V and VI. 

A scene containing both sunlit and shadowed snow is particularly 
difficult to manage. Shadowed snow, depending on its exposure to 
преп sky, is at most one-fourth as bright as sunlit snow, in open 
forest it may be about one-eighth the luminance. But the feeling of 
shadowed snow is one of enveloping light, and the relationship of 
shadowed to sunlit snow in the print usually must he closer than in 
actuality if the mood is tà be preserved, If it is necessary bo condense 
the scale, | advise a #47 [blue] filter; this not only raises the values 
of the bluish shadowed snow, but slightly reduces the sunlit areas 
as well since the minute shadows in crystalline snow are affected. 

lf textural emphasis is needed, a yellow, green, or red Alter will 
reduce beth the broad and minute shadows, which are bluish. Fresh 
anow in particular will reveal beautiful textures if there is adequate 
séparation of values [old packed snow may show only flat and tex- 
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tureless Values under any conditions|, A #8 or #12 filter should not 
be too strong if normal placements are used. Lf the texture is over- 
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The polarizer used with snow in sunlight will reduce reflections 
at the optimum polarizing angle, but the elfect is noc always a happy 
one. The scintillations from the snow crystals lend much to the 
general conviction of substance, and when these are removed a 
"Heourlike' quality may result. You may find partial polarization is 
preferable to full polarization. 


The Ocean 


Aesthetic considerations aside, the colors af the ocean are perceived 
chiefly in terms of reflection from the sky. IF the sky is an intense, 
clear blue, the color of the water is a modified blue depending, at 
course, upon its purity, depth, and turbulence. If the sky is overcast, 
the ocean usually becomes a deep gray-green or even at times almast 
colorless. In relatively shallow regions, the qualities of the ocean 
floor also affect surface color, and the angle of view may also be à 
factor 

The blue of the ocean responds almost the same as blue sky to 
yellow, orange, and red filters. We have learned to accept skies af 
ráther deep tone in black-and-white photographs, but it is difficult 
to tolerate excessive depth of tone in the ocean. It is seldom that a 
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Alter stronger than a #8 is required, except under conditions of haze 
ar when clouds and sky are important to the photograph. 

From a high vantage point, the atmospheric effect usually causes 
a continucus lightening of tone toward the horizon; there is no such 
sharp demarcation of values as one finds in mountains, where range | 
after range may stand out in definite relief against one another, Ш 
this atmospheric recession effect is eliminated by cver-filtration, the 
ocean may appear almost as a wall — an area of single tone against 


the sky, 


Portraiture 


Perception of shape and detail is both a tactile and a visual matter. 
When making portraits in natural light, the subject can be clarified 
and emphasis changed by careful orientation to the light. Filters may 
be helpful in altering the rendition of flesh tones: a #4 filter is some- 
times useful, but there is the possibility of creating à pasty or milky 
skin tone and pale lips with panchromatic film, depending on the 
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subject's complexion. The use of a greenish filter (#11 or #13) will 
rend to give more vigorous flesh values, most noticeable in the lips 
and ruddy or sunburned skin. 

Direct sunlight is a difficult natural light source for portraiture 
because of its sharply defined directional quality and the relatively 
deep shadows it produces. It is perhaps most satisfactory carly or late 
in the day, when the sun's rays аге more nearly horizontal. In fact, 
axis sunlight can be luminous and revealing in portraiture. However, 
there are few portrait subjects who appreciate the uncompromising 
quality and strong shadow effects of direct sunlight, and the teti- 
dency of the subject ro squint must be considered. 

Occasionally strong top light (sunlight overhead] can be employed, 
hut you should avoid the forlorn effect of a highlighted nose in a face 
of otherwise crepuscular gloom, This can result from taking an av- 
erage reading of subject, sky, and other elements within the meter's 
field & that the indicated exposure is insufficient and the shadowed 
parts of the face fall low on the scale of the film. 

Unfavorable effects may also result from glare reflected from the 
ground, light clothing, or other light surfaces. The eye accepts (and 
often overlooks!) such lighting effects that are accounted tor by the 
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enyironmmernt The illumination an à [ace Hom ground glare is usually 
acceptable in the image if the source of this illumination is a part of 
the general scene. But in a photograph of a head that does noe include 
the environment, this glare effect may be ambiguous and disturbing. 
Watch for this at beaches, on snow Веі, bright pavements, etc. 

An extremely handsome light for portraiture is misty sunlight; 
which occurs when the sun is pant ly diffused through high clouds ot 
haze. Such light is more directional than that from an overcast sky 
and this еті stronger modeling tü tacial Features, wit haut the high 
contrasts of undiffused sunlight. There may, however, be rapid 
changes in light levels, and you should check the meter reading just 
before exposure, 

Diffused light from the open sky or from an overcast sky reduces 
the contrast of the subject and may eliminate the rounded sense of 
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form, You can enhance the directional quality of this light by moving 
the subject closer to a sky-obscuring object, such as a building or 
foliage, sa that the face is partly shielded {rom the light. I you wish, 
you can minimize the directional quality of such light by placing 
the subject in an open area or by careful use of reflectors. Since this 
light is predominantly blue, it may also exaggerate ruddy complexions, 

The rendition of skin tones in diffuse natural light requires can- 
siderable care, Without the shadow quality of directional light the 
face may become photographically lifeless in color and value; while 
this effect can he attractive to the eye, the film tends to render skin 
thus illuminated in a depressed and putty like tone. If the skin values 
are given too much exposure, the subtle variations of the higher 
values are lost, resulting in à rather dismal continuous gray. If they 
are placed too low, the skin may become granular and areas of low 
brightness will be too deep and "out of key," The optimum exposure 
should he determined by careful experimentation; to begin with, you 
might expose flat Caucasian skin tones on Zone V and give N+] 
development. In this way the highlights will not appear too intense 
and the lower values should be satisfactorily retained. 

Indoor natural light, from windows or skylights, can be used ef 
fectively in portraiture, and much of the same advice applies as with 
outdoor light. The primary difference is that such indoor lighting is 
usually more sharply directional, especially in a large room with 
distant or dark walls, and the shadows may be quite dark. 

Lighting and textural effects are important elements in the inter- 
pretation of personality. Lighting effects are often overdone or re- 
petitively stylistic, each portrait subject should evoke the appropriate 
treatment. ^ 


Infrared photography is a large subject in itself, and | do not intend 
to do more than touch on the issue. However, I shall give a few 
suggestions applicable to the use of infrared in work of expressive 
rather than technical objectives, 

The usual exposure and development recommendations for in- 
frared films аге based on a rather extreme contrast result, which may 
he informative but is often unpleasant in a visual sense, Merely elim- 
inating atmospheric effects berween the camera and a mountain 
tange a hundred miles away, or photographing a green tree as plaster 
white [foliage strongly reflects infrared radiation), does not neces- 
sarily achieve more than a superficially startling effect. However, I 
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do freely acknowledge that, in imaginative hands, infrared film can 
produce magnificent images, It is usually best to avoid large areas of 
sky and water in the field of view, as these are inevitably rendered 
very dark. However, when you are photographing into the sun the 
sky near the horizon may remain quite light in value, 

Ordinary exposure meters cannot he used with infrared film. The 
exposures recommended by the manufacturer are adequate as a start- 
ing point; I personally have preferred the result of giving about twice 
this "normal" exposure [with a Wratten #25 filter] and soft wevel- 
opment. | have had success with Kodak D-23 developer, giving about 
one-half to two-thirds normal developing time under standard con- 
ditions. Note that the recommended exposures are for sunlit sub- 
jects; exposures for objects in shadow are enormously long, as 
infrared rays have very feeble scattering power and thus skylight is 
very weak in infrared. This fact also accounts for the extremely deep 
shadows so apparent in most infrared photographs. 

Most lenses require extending the lens-to-film distance slightly 
when using infrared film, to correct the focus, ? Many small-camera 
lenses have an index mark indicating the necessary adjustment of 
focus. The correction is usually in the range of 1/70 to 1/200 the 
lens-tc-film distance; consult the manufacturer for precise infor: 
mation. Some lenses are corrected for infrared as well as visible 
wavelengths and need no focus adjustment. 

Finally, be sure to use a film holder that is opaque to infrared, and 
process as soon as possible after exposure, in total darkness. 


Chapter 7 
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Light is light, and the image is composed of the effects of reflected 
light whether it is natural or "artificial." Within the natural world 
the light is used as found, with few exceptions, in a process that is 
essentially analytic. The use of artificial light, on the other hand, 
may be thought af as a process of synthesis, where we are free to 
control the amount and nature of the light and direct it as we wish 
on our subject to gain the desired effect. In its most controlled form 
the use of artificial light may involve staging a "set" with total con- 
trol af the disposition of the subject, its colors, and the illumination; 
the concept of the image is in the set itself, and we use the camera 
te record it; 

There has been tremendous improvement in lighting equipment 
and techniques in recent years, and detailed information is available 
from a number of sources. My intention here is to present certain 
concepts and approaches that will provide a good basis for under- 
standing the potentials of artificial light. Although basic, these con- 
cepts will stand the photographer in good stead even at sophisticated 
levels of practice. 


S-BURNING LIGHT SOURCES 


Tungsten bulbs in reflectors are widely used and are the least ex- 
pensive kind of stwdio light. The photoflood bulbs are available in 
two wattages, the Number | at 275 watts and the Number 2 at 500 
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watts. Each has a color temperature of S400°K, and is manufactured 
both às a conventional bulb for use in an 8-inch or 12-inch reflector, 
or with the reflector built in. Photoflomds are also available coated 
with blue plastic filter material, which corrects their color balance 
for use with daylight color film. There is also а 3207 K photographic 
bulb, rated at S00 watts, which has a longer life than the photofloods 
and undergoes less color shift during its useful lite, although this is 
a factor only with colar films. Boch these types are being superseded 
by smaller and more efficient tungsten-halogen and quartz lamps. 
The surface properties and shape of the reflectors have a major 
influence on the efficiency and light distribution of all such lamps. 
The inner surface can be highly polished metal or “satin” finish, and 
nontlammahle diffusing screens of glass Biber ог plastic аге some- 
times used to soften and equalize the light. Most reflectors are de- 
signed to give a fairly broad and uniform distribution of light, but 
“focusing” reflectors and spotlights [which usually include а Fresnel 
lens 7] tend to concentrate the light in a beam, It is worthwhile to 
set up each lamp so that it illuminates a uniform wall and use a 
meter to study the distribution of light within the field of the lamp. 
With a brushed aluminum reflector and properly centered bulb, the 
field of illumination should be continuous and quite uniform, with: 
out a strong central "hot spot." Of course, the brightness of the field 
will diminish somewhat near its edges due to a natural fall-off of 
illumination. Reflectors of certain configurations (parabolic, ев.) 
have an ethective “focal length" that will alter the Inverse Square 
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Law ? control. This effect can be very important when flash lamps 
nr tubes are used. 

Other types of artificial light include ambient or available light 
from sources of all kinda, such as ordinary lamps, fluorescent fix- 
tures, and even candlelight. For black-and-white photography the 
light from such sources can be metered and used without concern 
for the variations of color of the source, but color photography de 
mands consideration of the color temperature of the light. Fluores- 
cent lamps are particularly difficult in this regard because they do 
not have a continunus spectrum, but givc aff light in separate peaks 
at certain wavelengths. Adequate color correction can aften be man- 
aged [sometimes by combining fluorescent tubes of different spectral 
distributian, but testing is usually required Scottie Huorescent tubes 
are available that have a more complete spectrum. 


Exposure 


Studio photographers have traditionally made use of the incident 
light exposure meters, both because their subjects mav he poo small 
to read with a general-purpose reflected light meter and as a means 
of measuring separate light sources, The incident meter is increas- 
ingly being replaced by the spot meter because of the greater preci- 
sion it affords in maintaining full control of the subject contrast and 
luminance values 


See Figum 7—4 
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Ome property of incident light that should be fully underst: 
however, is the relationship described by the inverse Square 
This law relates the distance from a light source to the subject 
the intensity of light incident upon the subject. For a given | 
source, moving it so that it is twice its original distance fram 
subject causes the incident light on the subject to be reduced to anc 
quarter its original valuc. If, for example, an object has 16 ft-c of light 
incident upon it when located three feet from a lamp, it will hove 
only 4 ft-c when the lamp is six tect away, and only 1 ft-c if th 
distance is twelve feet. In general terms, the Inverse Square Law 
states that the intensity of light an a surface is inversely proportional 
to the square af the distance from the light source. * Reading the 
reflected light value of a surface at various distances irom a lam 
will confirm the Inverse Square formula. 

The Inverse Square Law is strictly true only for a "point source,” 
hut applies in a practical sense to any light that is not too large in i 
apparent size [that is, its size as it appears from the subject), Its effect. 
is also modified by the use of focusing reflectors and light Sources 
that include a Fresnel lens or other means of concentrating the light | 
beam. 

The effect of the Inverse Square Law can be considered in terms 
af the Zone System. For example, if the shadowed side of a subject 
falls on Zone Ill and we move the lamp illuminating this surface to 
half its original distance from the subject, we know that it will re- 
ceive four times as much light, and will therefore fall two zomes- 
higher, on Zone V. This change obviously will also affect the volume 
of illumination throughout the subject. 
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It can be helpful in controlling lighting to think in terms of ex- 
posure units. If Zone | represents one unit, the other zones are related 
by the 1:2 ratio as follows: 


Zones: I П ш IV ¥ VI WL ҰШ IX 
Exposure 
Lini: і 2 4 8 16 al 64 128 15 


When using more than one light source, we can consider a change 
of lighting in terms of these exposure units, since accumulated ex- 
posure units are more obvious in the lower zones of the scale and 
have increasingly little effect as we reach higher zones. In the ex- 
ample above of the Zone Ш shadow area raised ta Zone V by moving 
the light, the area that originally represented 4 units will reflect 16 
units because of the change in lighting. Thus we have added 12 units 
by moving the light, and this effect will occur throughout the subject 
(for all areas illuminated by this lamp, provided they are about the 
same distance from the lamp|. The overall result is as follows: 


Zones: [ Ш Ш IN ү Wi Vil “ш Ix 


Exposure 
Units: 1 7 4 8 lá 31 64 128 256 
Added 
Uns; LF P 2 B Ol 2 ë B шы 
Total 


Units; l4. 14 16 2% 28 44 "б 140 268 


As can be seen, the effect of adding 12 units of exposure throughout 
the scale is most apparent in the low values, and much less pro- 
nounced in higher values. The change of lighting raised the Zone M 
area by two zones, but by Zone VI the change is only about one-half 
zone, and even less at higher zones. The effect of such lighting 
change should be confirmed with a spot meter. 

My procedure when I was doing professional work was to visualize 
the overall arrangement of an interior or studio setup and indicate 
on the Exposure Record where | wanted the important values to fall 
on the scale of exposure zones. I would then start lighting the high 
values first, adjusting the lights for the desired visual effect and en- 
suring that their luminances fell on the desired exposure zone. I 
would then work with the low values, bringing them up to useful 
levels, The reason for giving consideration first to the high values is 
that their total luminance is limited by the maximum light at my 
command, while 1 can always make adjustments af the low values 
by moving secondary lights or reflectors, If the secondary lights build 
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too much luminance in the high-value arcas, the main lights can he 
reduced in power or their distance from rhe subject increased. We 
thus obviously have considerable control over the lighting values. 


AN APPROACH TO LIGHTING 


As with many aspects of photography, the problem of using artificial 
light is often attacked in reverse. The beginner often starts with 
lighting formulas, with no clear realization of the structural and 
expressive effects of controlled lighting in relation to his subject ar 
his concepts. Perhaps na formulas are as harmful to creative achieve- 
ment as the conventional “rules” of lighting. Rather than begin the 
study of artificial lighting with light, it is far more productive to 
begin without light and gradually add illumination with considera- 
tion far the shapes and textures of the subject. In this way che effect 
of each lamp can be individually evaluated and the result of a change 
of lamp position or reflector can be appreciated. Following this ap- 
proach it becomes possible to "build" an appropriate lighting for the 
subject. Since the eye will adjust to a wide variation of lighting in- 
tensity and balance, the subject luminances should be carefully eval- 
uated with a spot meter and related to the visualized concept, so that 
you can anticipate just what your negative will contain. 
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Lighting a Cube 


Much can be learned about controlled artificial lighting by working 
first with a simple form like à cube, The cube should be about 12 
inches on a side, made of smooth material, and painted a dead matte 
white. In a darkened room, or with the eyes closed, handle the cube 
[wearing cotton gloves to avoid finger marks} until a physical ap 
praisal of its shape and volume, surface and edge, is grasped. We thus 
arrive first at an awareness of this object by nonvisual, tactile means, 
The first visual and photographic experience of the cube is that al 
a silhouette — the outline of its form appearing against a light back- 
ground. 3 Combining our tactile appreciation of this object with the 
visual, the outline alone confirms solidity, thus indicating how in- 
volved is our instinctive comprehension of the external world. Al- 
though we see it as an outline, our mind recognizes it as a cube! 
The next step is to see and photograph the cube in a completely 
flat axis light — that is, light from a point close to the axis of the 
lens. ^ The axis light, in order to achieve its purpose [to Fill every 
part of the subject as seen from the lens with a consistent value ot 
illumination! should be behind the camera; if it is in front of the 
camera, shadows cast by the subject will appear in the background 
larger than the cube itself. The ideal light for this purpose would be 
a ring tube encircling the camera at the focal plane. A light behind 
the camera, raised sufficiently to avoid casting the camera's shadow 
an the cube, is adequate. IF all three visible faces of the cube are at 
approximately the same angle to the lens axis and to the light, all 
will have about the same luminance value. The cube must, however, 
he sufficiently distant from the light to avoid significant fall-off of 
illumination from its near edges to the distant ones. The background 
should be either very light or quite dark. Note that in this example, 


gp E Ligfrtimg гїї with a 
mule 

[A Ж main light on the right pre 
dace a Value VII and przzes the top 
mace, giving a Value v. The second 
ichi jon the left] gives rhe Jer side 
about a value IV, bor was lowered to 
maid тееп lighr v tall an che rop 
lace. The background ts à value 1 

Ili The same lighting às A bus cwice 
mm dmense produces Values УШ, VI 
amd V. The Бе тини mmaira 
Value 1 

[E Wih the right-hand light again 
doubled in invenstty and razezil si 
mue Tight balls cus ile Бир surlaz 
Hsc bwo values mme iw IX anil VII 
The leis: hamd huha was qeaadruplei in 
Hints, and the leji ade is mew a 
Valze VIL. We thus mort have the 
thee tip values ol the scale, VIT, VIII 
ail [X 

Ш The side lighis are about the 
trm as m A but the lighting of the 
ep anbe is hom a spotlight over 
heal, placed su that none of nas lighe 
spikes che sides of the cube jehe lens 
Wan also carefully shielded) Since chis 
prints as pure white ir is designated 
Value X, so ghz we ew bave values 
IV. VIL and X gmina a background oi 
Beit Value V 


Foun 7-0. Lighting effects with a 
cule 

(A) There is varving inregsiry ni 
ett on the hackgeuunil, so shar the 
vales of the left side ud che cube ap 
їтїр he tackprnsanid vali аш 
Wu ami side. Aus impressinn of space 
Баі ажы шай ain її valise dal 
ттан спы 48 wr xam vasticrs 


MEETS il che тас 

[HI The hazkgniurul ва abot Vals 
Vl m] erges with thr rudis sde ni 
fe cube In a typical subiret, arcas 
Say appear dieting: because ot culor 
ditterenmces. yea reflect the same hams- 
finer values, amd a mengar of value 
may result when pheenpraphing with 
Wack-and-whire film. The usc cà a 
BUD viewing filer wall belp make 
these merger more neziccahle. There 
am also occasions when che merger tf 
eot mar have definire aesrhezic 
uniilirarinn 


Artificial Light Photography 


163 


See Figure T-A 


Sec page 132 


164 Artificial Light Photography 


like the first, we appreciate the volume of the cube even though only 
minimal visual evidence indicates its shape. 

We can reduce the intensity of the axis light and add a light from 
the side, illuminating both the top and one side of the cube. If the 
top and side surfaces are at the same angle to the side light, both 
values will be approximately the same, but by moving the light so | 
the angles differ, we can make one or the other brighter if desired. 
With this arrangement, we have a composition of four luminance 
values, including the background, Nore too that, although we can 
illuminate the background separately, we have considerable control 
of its value by simply moving it closer to or farther from the subject. 
Its value will be higher or lower depending on its distance from the 
lamps. 

We can now experiment further with the twa lights: ® increase 
the intensity of the axis light; increase the value of the background, 
try adding another light on the side opposite the first side light; 
eliminate the axis light, or the second light, and observe the harsh 
contrast that results, You may also add a top light, which will in- 
crease the luminance of the upper surface of the cube. We have full 
control over each of the four values of our composition, leading to 
the basic but important subjective question: what value do we want 
each surface to be? The possible combinations are almost unlimited, 
and you should study the effects of each lighting change, plus ex- 
posure changes, to determine what arrangements you find satisfying. 
It is best, of course, to measure each value with a spot meter to make 
the separate evaluations of cach luminance, and then place them as 
desired on the scale of zones. 

As you advance to more complex subjects than the cube you will 
find other issues that require consideration: a broad light source will 
produce broader highlights and more diffuse shadow edges than a 
point-source light. Care must be used with multiple lights that con- 
flicting shadows do not become disturbing. Using an axis light alone 
with a curved or spherical subject results in the “limb effect" dis- 
cussed carlier: © with a light background we see the outline of the 
subject clearly as a darker value, and with a dark background the 
edges become indistinct. 

Indirect Lighting 

The use of white reflecting surfaces to "bounce" light onto the sub- 
ject can be extremely helpful. A simple white card, or, with a large 
subject, a white wall, on the opposite side of the subject from the 
main light can provide soft and luminous ‘fll’ light for the shadow 
areas. Reflected light can also be used as the main source itself, and 


gives soft shadows and gentle modeling of features that can be quite 
beautiful and is thus frequently used in portraiture. Reflective "um- 
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brellas” have become Very popular for such work because they are 
quite efficient and can be folded for portability 

With large subjects we can frequently use an existing surface as а 
reflector. The ideal surface is a smooth white wall or ceiling which 
has a high reflectance value and produces a diffuse light [with color 
Hlm it is important that the surtace be a neutral white), It we direct 
a lamp at such a surface, the result is a circle or aval pattern of light 
which becomes in ettect the light source, The size of this circle 
relates to the reflector shape and the distance of the lamp, and its 
size affects the quality of light on the subject: a large area of illu- 
mination [as seen from the subject] provides broader and softer light 
ing. In terms af the amount of light, however, the distance from the 
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lamp to the reflecting surface makes little difference. The light 
source delivers a certain amount of light within its circle of illu- 
mination, and this is not changed by moving the light in relation to 
the reflecting surface, provided all the light is contained on that 
surface. The distance from reflector to subject, on the other hand, 
does affect the intensity of light on any part of the subiect. 


Cross Polarization 


Ав discussed carlier, the polarizer is a useful means of eliminating 
glare and specular reflections in the subject. In the studio a polarizer 
over the lens can be used in conjunction with polarized light sources 
to eliminate glare completely. Sheets of polarizer material set at one 
orientation are placed over the light sources, and a separate polarizer 


A. 


is placed over the lens. Specular reflections from the subject are thus 
polarized in the direction of the sheets on the lights, and by rotating 
the polarizer over the lens to 90° from this direction, the glare on the 
subject is eliminated. 


Flashbulbs and electronic flash provide, in effect, convenient "pack- 
aged light" in sizes that range from small portable flash units to large 


studio systems with multiple flash heads. Flashbulbs are available 
either clear, appropriate for color film balanced for tungsten light, or 
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with a blue filter coating which provides daylight illumination qual- 
ity. Electronic flash also has daylight colar halance. Important char- 
acteristics af flash units include the Hash duration and the required 
synchronization with the shutter to make certain that the flash mat- 
put is efficiently utilized. 7 

The chief difficulty in using flash lies in visualizing the effects of 
the light on the subject — the modeling of features, shadow and 
highlight disposition, and so forth. Many studio-sized flash units | 
contain “modeling lights," continuous-hurning lamps of moderate © 
intensity built into the flash heads, which show visually the effect | 
of the lighting arrangement, With some units these modeling lights 
are calibrated to be proportional to the flash output so that lumi 
nance ratios may be established by measurements taken from the 
modeling lights. 

The effect of a single flash used on or near the camera — seen in 
countless snapshots — is a harsh, textureless lighting. With color 
film, such lighting also tends to produce “red eye,” a red reflection 
from the retina (this reflection can be avoided only by moving the 
flash away from the lens axis, but it can be reduced by maintaining: 
a high level of ambient light so the subject's pupils contract]. The 
unpleasant flat quality of flash-on-camera can be reduced hy making 
use of reflective surfaces to direct light onto the subject from one 
side, or hy "bouncing" the flash, = but the exposure, of course, must 
be adjusted to compensate |except with some automatic flash units), 

“Rare-bulb" flash units, which have no reflector, are designed to 
make use of light reflected from the environment to soften the light 
quality somewhat, as well as to produce "catchlights" in the eyes 
with portrait subjects. This type of light is of extremely small source 
angle, and any shadows nat filled in by environmental reflection will 
have very sharp edges. Because the light is not directed onto the 
subject by a reflector, a bare-bulb flash will have a lower guide num- 
ber than a comparable unit with reflector built in. Bare-bulb units 
are particularly useful with wide-angle lenses and I have used them 
Fer low-value All-in lighting. 


Exposure With Flash 


The standard means of determining exposure with flash is by using 
the guide number, which incorporates the intensity of the Hash- 
reflector unit and the film speed, and, with Hashbulbs, the shutter 
speed. The guide number divided by the fash-to-subject distance 
in feet gives the Jens aperture." Guide numbers are thus in geometric 


"The general iprmula is- 
Guide number = |fash-to-subject distance! * |aperture), and knowing any two ob 
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sequence, so that a doubling of guide number represents a 4x increase 
in the intensity of light 


With conventional Hashbulbs, which are relatively slow burning, 
a change af shutter speed affects the amount of the flash output that 
reaches the film, so that different guide numbers are required for 
different shutter speeds. Electronic flash does not require such а 
change of guide number since its total output is used at any shutter 
speed up to the maximum that synchronizes with electronic flash 


these quantities allows you 10 determine the third. ЇЇ you wish te use a certain ap 
erture, far example, the guide number divided by the aperture gives the distance in 
feet at which the flash must he positioned 
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You should also he aware that different reflectors and changes in 
environment will affect the exposure, and the guide number should 
therefore, as its name implies, be considered only a guide, subject to 
verification and adjustment as conditions require. With electronic 
flash, furthermore, the "ready light" usually signals when the unit 
is charged to about BÛ percent of capacity, and a different exposure 
may result if the unit is used immediately after the light comes on 
than if you wait several additional seconds. 

Automatic electronic flash units have eliminated the need for 
much of the conventional exposure calculation, since they interrupt 
the flash pulse when the sensor has received sufficient light for ex- 
posure. The most efficient units use “thyristor” circuits to recycle 
the excess energy not required for an exposure, and thus speed up 
the recycling time. ~ Do not overlook the fact that the reciprocity 
effect may influence exposure and contrast with electronic flash. ^ 

Multiple flash units may be used in much the same way as cime 
ventional lamps, particularly if modeling lights are present to show 
the сест of the placement and strength of each flash head. The 
smaller flash units may be combined by wiring them together with 
standard cords or using a "slave" accessory which triggers an aux- 
iliary unit when it senses the light from the main Hash. In such cases 
the most reliable means of determining exposure is hy using a Hash 
meter, which can read the intensity of all flash illumination on the 
subject and indicate the aperture for normal exposure, Since these 
are a kind of incident-light meter, however, there is no indication of 
what the actual luminance values af various parts of the subject аге. 
We must make visual judgment of the relative reflectances of various 
subject areas and the effect of light placement, etc. Polaroid test 
photographs will be of great value in such situations. 


Bounce Flash 


Flash is frequently bounced off walls or ceiling to avoid the harsh 
lighting effects that direct flash may produce. However, calculating 
correct exposure becomes difficult without a flash meter. A rough 
estimate can be made by taking the flash-to-reflector-to-subject dis- 
tance and using it in the guide number calculation, adding one to 
two stops or mare depending on the reflectance of the surface. Prac- 
tice is required to judge exposure with bounce Hash confidently. 
Some automatic flash units permit the flash head to be directed 
upward or toward a wall while the light sensor remains directed at 
the subject; they thus automatically compensate for the loss of light 
caused by bouncing and eliminate the need for separate calculation. 

You must keepin mind with bounce flash the relationship of flash 
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source and reflective surface to the subject. IE you аге standing close 
to a portrait subject, for example, flash bounced from the ceiling will 
provide only direct overhead lighting, and may thus cause deep shad- 
ows in the eye sockets. Problems can also arise in a low-ceilinged 
room with, for example, a standing figure; because the ceiling is 
relatively close to the subject there will be a noticeable fall-off of 
illumination between the subject's head and lower body. In both 
cases you may be able to use a light wall in combination with the 
ceiling as a reflective surface, or you may choose to allow some light 
from the flash unit to "spill" directly on the subject. As with re- 
flected light from continuous-hurning sources, you must also be cer- 
tain that the reflective surface is white or neutral gray if color film 
is used. Some flash units, such as one made by Vivitar, include a 
reflective panel for bouncing the flash. 


Open Flash 


With open flash the shutter is first opened with the subject in dark- 
ness, and the flash is then triggered one or more times to expose the 
film. This procedure is primarily for static subjects, The flash unit 
can be fired from different positions to produce the effect of several 
light sources (but beware of conflicting shadows), or it can be fired 
from a single position as many times as needed to provide the re- 
quired luminance levels. A variation frequently seen is to use elec: 
tronic Hash with à moving subject, firing the flash unit to arrest the 
subject at different positions; some ambient light may be allowed on 
the subject so the separate images "frozen" by the flash are con- 
nected by a blurred image. Since the results cannot be seen in ad- 
vance, testing with Polaroid film is very helpful. 


Fill-in Flash 


Flash is often used outdoors to provide supplementary fill-in illu- 
mination for a subject that is side- or hack-lighted. The Hash may be 
mounted on or near the camera, where it will raise the value of all 
shadow areas seen by the camera, thus reducing the contrast, The 
balance of direct and "RII" light is critical; with too much fill-in 
light the shadows became unnaturally bright and an "artificial" ef- 
fect results, We have all seen photographs where the flash-illumi- 
nated area approaches ar exceeds the sunlit “surround” in brightness; 
the photograph usually has а "staged" quality, sometimes a delib- 
erate effect. 

Electronic flash [preferably a diffused source! is ideal for All-in use 
since it is relatively casy to compute exposure. The exposure from 
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the flash changes only with a change ol distance or aperture, not 
with a change of shutter speed [within the range of synchronization], 
and it is balanced for use with daylight color Alm. The problem in 
computing exposure is to achieve a balance of "normal" exposure 
for the davlight-illuminated arcas, and Hash « RA POSTÊ that i3 auff- 
tient to raise the shadow values to the desired level. In general terms 
we first use the guide number or exposure dial on the Hash to deter- 
mine the appropriate aperture for normal flash exposure at the given 
subject distance, and then use à setting one to two stops below this 


PAINTING WITH LIGHT 
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normal flash exposure, We then choose the shutter speed that wi 
give normal daylight exposure at that aperture. 
Suppose you take daylight meter readings from a portrait subject 
and find that the shadowed skin value falls on Zone Il [2 units at 
exposure] with normally exposed high values. If we wish the shad 
owed skin value to be on Zone IV (8 units] our problem is to use the 
flash to add 6 units. If the normal guide number for the flash unit i$ 
64, we may use a guide number of 128, therehy reducing the flash 
exposure to one-quarter normal (a two-stop reduction]. The skin val 
ues which would normally be on Zone VI (32 units) are thereby 
reduced to Zone IV [8 units| in the flash exposure. The added two 
units of daylight will be almost inconsequential, but to be precise, 
we can move the Hash slightly farther from the subject. On the other 
hand, the sunlit portions of the subject, which are on Zone VI 41 
units], will receive 8 more units from the flash, a negligible increase 
of one-quarter exposure zone. 
Remember, the lens stop used is determined by the distance of the - 
flash, and the shitter speed chosen in relation to the aperture to gt е 
normal exposure for the daylight-illuminated arcas. It is sometimes - 
necessary to adjust the intensity of flash illumination. lia reduction - 
in flash exposure is required, you can use one or two layers of white | 
cloth over the flash; the effect must be tested so we will Know pre- 
cisely what the actual exposure will he. 


A technique called "painting with light" can greatly expand the ver 
satility of incandescent lighting equipment and help the photogra- 
pher contend with some difficult lighting problems. Painting with 
light involves moving the light source while the shutter remains 
open, thus giving the effect of a very broad and non-directional light 
ing. Painting with light can be effective for small objects in the stu- 
dio, but I found this approach most useful for lighting large interiors. 

One difficulty in lighting an interior space with multiple fixed 
lights is avoiding the conflicting shadows which often produce a 
confusing visual effect. Usually in such photographs the viewer 
should not be conscious of the lighting employed, either through 
multiple shadows or differences ot lighting intensity. Painting with 
light enables the photographer to bathe all parts of the subject in the 
desired volume of light, and to add light as needed to emphasize 
specific areas. If desired, we can also add a static light in a separate 
exposure to provide fixed highlights and provide a definite single 
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shadow effect. Naturally, if all parts of the subject were bathed in 
equal values of illumination, the effect would be dull, to say the 
least. We therefore must plan the picture, taking into consideration 
the desired final effect and managing the problems of additive light 
values, emphasis of light, and uniform luminance throughout the 
image area. 

The procedure requires moving the light through the subject area 
uniformly while rotating it in a large circle in a smooth continuous 
motion across the Held. The photographer must he careful to keep 
his back to the camera at all times and to avoid letting any light 
"spill in the direction of the camera. It is important therefore to 
use a reflector that has no ventilation holes near the socket nor any 
shiny reflective surfaces that could leave à streak on the film during 
exposure. Obviously, the exposure must be sufficiently long to per- 
mit the photographer te move across the field in front of the lens 
without producing a "ghost." He must not stop moving at any time 
during the exposure or a ghost image will appear in the picture 

The exposure is judged by taking luminance readings from selected 
parts of the suhject with the lamp an and stationary. We then plan 
the movement of the lamp in such a way that each area it covers is 
exposed far the required time and properly overlapped. For example, 
if the lamp covers 15 feet of the subject area and we calculate an 
exposure of twenty seconds [corrected for the reciprocity effect], we 
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know that each 15-foot area of the subject must receive illumination 
from the lamp for a 20-second period. We would thus plan ta move 
the lamp across the subject area covering 15 feet in each 20 seconds, 
with the lamp in continuous rotating motion. We must begin with 
the axis of the lamp directed at the very edge of the picture area; do 
not make the mistake af allowing only the edge of the lamp's field 
to illuminate the edge of the subject, or a fall-off of illumination will 
result. 

Once we grasp the principle, we find that it is really very simple! 
We should first rehearse all the motions to be sure that our timing 
is smooth and consistent, that our cables do not catch on furniture, 
and that nothing interferes with our continuous movement across 
the field. The camera must be firmly fixed on a tripod, and an assis- 
tant is required to open and close the shutter far each lighting epi- 
sode. Tests can he made with Polaroid film to verify the exposure 
plan and to ensure uniform illumination. In а high-ceilinged room, 
for example, a second sweep through the subject area may be needed 


with the light directed upward, and we must be sure it does not 


obviously intrude on the first. 

It is essential to plan the operation thoroughly. Sketch a diagram 
of the area to scale, showing the disposition of the furniture and the 
appropriate areas from which to direct the continucusly-moving 
light. You can then estimate the accumulated light on the different 
planes as each of the prime planes are illuminated, based upon the 
Inverse Square Law. © 

Most interiors require several "painting" exposures to accommoa- 
date different planes of the subject, These can be calculated using 
the Inverse Square Law, beginning with the plane closest to the cam- 
era and determining the exposure for each more-distant plane that 
results. For the second exposure we then move the lamp forward to 
the second subject plane and give the additional exposure required. 
If, for example, we have two primary subject planes at distances ot 
12 and 24 feet from the original lamp position, our first exposure 
should be planned for the closer plane. This exposure will be equiv: 
alent to one-quarter of the required exposure at the second plane, so 
that when we move the lamp to "paint" the second plane we use 
only the additional exposure required. It is usually preferable from 
an aesthetic viewpoint to allow the more-distant planes to be slightly 
higher in value than nearby areas, so we might choose to disregard 
the accumulated exposure values in this case. 

Obviously all room lights should be turned off during the painting 
exposures, but they may be turned on for a separate exposure at the 
end, We may also have to cover windows in the picture area |from 
the outside) during the "painting" exposures, and these may be un- 
covered at the end for a separate exposure. Better still, make the 
principle exposures at night. After sunrise, an additional exposure 
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See Бадиу 7—0 


TIR pun Chandelier. Ths Ah 


Wenrr Hird, Ye 


Figure 


The tron is 
pie dark m relation io the walls, anid 


Mx hotter suziaze ibercieme m 
рта with light, The walls wore 
оргас on ane VIL, which gave ш 
peed separatas berwern therr values 
md the fights, The general ilbumana 
tien al the alcoee m rhe lower lei was 
shout cwn values bower than ihe 

walls The lamps there were exposed 
ler the same time as the lamps on the 
ш Hure 


Artificial] Light Photography 179 


can he made for the light coming through the windows, Balance the 
exposures so that the luminance of the window area in daylight is 
higher than the interior walls, sa there is a definite contrast between 
window and walls. * With color film, the filtration may be changed 
ав needed to balance the interior light and the daylight 

The use of moving lights might appear complicated, but once un- 
derstood, it can be most rewarding. 


Chapter 8 


ure E- |. Sam Dunes, Ovewnn, Cul 
Wood The Inminance o the sani 

жан placed un fone V. and H+ i de 

mes raised ita value to Vl and 

1 бла ien texture. To further en- 
Kater texture | used a Grade A cone 
ipis paper. The photograph was made 
With a Зз bena on the Hasselblad 
ии rhe smallest apertuse to obtain 
"тийш Пери! ul feli. The broths 
zy Ше along ilie top id the duss 
Win caused by Mowing sani 


Darkroom Processes 


Roughly the same chemical principles apply to the processing of 
negatives and of prints, and the basic events should be well under- 
stood. It begins with light striking the sensitive emulsion and pro- 
ducing an “electrochemical” effect on the silver halide crystals 
within the emulsion, “In simple terms, the action of the light alters 
the electrical charge within the silver halide crystal, rendering it 
responsive to the action of the developer. 

After exposure the negative carries the invisible Jarent image 
made up of these altered crystals, which will be reduced to metallic 
silver by the developer. This reaction takes place throughout the 
negative [or print| in proportion to the amount of light received at 
each location, thus yielding a higher density of reduced silver in 
areas that received relatively large exposure, Other factors that affect 
the total density include the nature of the developer, the time and 
temperature of development, and the amount of agitation. 

After development the negative contains minute particles of me- 
tallic silver combined with residual silver halide that was not ex: 
posed and therefore did not develop. If left on the Alm this halide 
would discolor upon exposure to light, spoiling the image. Following 
development, therefore, the film is transferred to a mild acid stop 
bath, which neutralizes the alkaline developer remaining in the 
emulsion, and thence to an acidic fixing hath. The primary function 
of a fixer is the removal of the unreduced silver halide remaining in 
the emulsion. The most usual fixing agent is sodium thiosulfate 
[referred to as "hypo'', although ammonium thiosulfate is used in 
"rapid" fixers. When the fixer has completed its essential task any 
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trace af remaining thiosulfate compounds must be eliminated by a 
thorough hypo-clearing and washing procedure described later, singe 
residual fixer complexes will also eventually discolor and stain the 
image. This brief overview of the processes should aid in understand- 
ing the more detailed information that follows. 


The variety of developers available is sometimes bewildering, and 
each photographer usually has his own favorites, not always deter: | 
mined by realistic assessment! | certainly reconimend beginning 
with one of the prepared developer formulas, available dry or as a 
liquid concentrate to be mixed with water for preparing the working 
solution. The film developer should be considered a critical element 
in the photographic process, and mixed carefully according to direc- 
tions, using only clean containers and mixing vessels. I recommend 
using only distilled water for mixing developer unless the tap water 
is very pure, Tap water quality varies from location to location [and 
over time at one lacation), and may contain calcium, sodium, iron, 
chlorine, and organic matter. The developer temperature is critical, 
and standard practice is to use 68°F (20°C) if possible, and to maintain 
the temperature very accurately throughout development. ? In trop 
ical conditions where higher temperatures are unavoidable, sodium 
sulfate is frequently added to the developer to control swelling ol 
the film |further information on such procedures is available from 
Eastman Kodak Co. and other manufacturers]. | would avoid such 
procedures unless they are absolutely necessary. 

Care should be exercised to choose a developer appropriate to the 
film and application, since the developer will have same effect on 
factors such as grain size and appearance, separation of values or lass 
of detail, smoothness of value progression, and acutance. Grain 
size “is affected by processing because the single grains, which are 
themselves microscopic, gather or “clump” together, creating larger 
grains that can disturb the quality of the image. | remind you that 
the "grain" we see in the print is not the grain itself but the effect 
of light passing through the spaces between the grain clumps. As 
with the dots of the printing-press plates (halftones) the grains are 
themselves of the same density, hut the number and size of grains 
in à given area define the effective density. (With color images a 
minute dye area replaces the original particulate silver grains, and 
this dye image has quite different optical characteristics from a 
black-and-white image. | 
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The nature of the grain and its distribution also affect acutance. 
A “sharp” grain gives the impression nf high acutance while a softer 
grain type, as caused by developers containing a silver solvent, 
shows a diffuse edge. Acutance refers to the sharpness of an edge in 
the image, while resolution refers to the ability to distinguish fine 
detail, The finely separated lines that indicate a certain degree of 
resolution may be cither sharp and decisive, in a negative of high 
acutance, or softened and diffused (though still distinguishable) in 
a negative of the same resolution but lower acutance. It is worth 
nating that an inferior optical image can appear improved by a sharp 
grain structure, and a superior optical image weakened by unsharp 
grain and silver diffusion within the image. 

Manufacturers usually recommend certain developers for their 
products with the intention of halancing various factors, including 
emulsion characteristics, efficient processing time, reasonably fine 
grain, and the characteristics of standard printing papers. The pho- 
tographer should attempt to establish a norm with one of the stan- 
dard developers, such as HC-110 © and then deviate only when а real 
improvement is found. Briefly, the developer types may be described 
as follows: 


Standard developers, For general use in tank or tray with roll, pack, 
or sheet films, these developers usually provide excellent tonal char- 
acteristics with moderate grain and high acutance. There are nu- 
merous examples, including Kodak HC-110, D-23, and D-76, and 
Edwal FG-7. All but D-23 are available in packaged form. 


Fine-grain developers. With small format negatives grain size is an 
important consideration, and many developers offer a real [or imag- 
ined!) reduction in grain size. The true fine-grain developers do not 
alter the basic grain structure, and thus retain high acutance, but 
with a relatively slight affect on grain size. A more pronounced re- 
duction in graininess is available with developers that contain a sil- 
ver solvent, usually sodium sulfite [in Kodak 0-23, 0-25, and to à 
degree D-76, and others). The reduction in grain size is accompanied 
by a reduction in acutance, however, and the negatives usually have 
a soft quality lacking in "edge." 1 have confirmed that the action of 
sodium sulfite as a silver solvent is a function of the time the neg- 
ative is subjected to it: for example, the Kodak D-23 formula |con- 
taining only metal and sodium sulfite] gives reasonably fine grain 
due to the solvent action of the sulfite. The sulfite itself provides the 
required alkalinity in which the metol will function. The D-25 de- 
veloper is the same as D-23 but with the addition of sodium bisulfite 
{а buffer), This decreases the alkalinity, thereby prolonging the de- 
velopment time and subjecting the negative to longer contact with 
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the sodium sulfite. The result is that the sulfite has additional sol- 
vent action on the silver particles, enhancing the fine-grain effect 
but with a further loss of acutance. D-76, a formula of more energy 
than (9-24 but with the same amount of sodium sulfite per liter, has 
à shorter development time, and consequently there is less action of 
the sulfite on the negative grain, My preference has always heen for 
sharp, well-defined grain which yields crisp enlargements and en: 
hances apparent image sharpness. Many fine-grain developers exact 
a further penalty by reducing the effective speed of the film. 


High-energy developers. These are strong developing solutions used 
primarily for high-contrast work, such as “process” photography, or 
for very rapid processing. Kodak D-11 is an example. These are not 
recommended for general photography, except for special effects. 


Special-purpose developers. Developers are specially formulated 
for use in reproduction, X-ray, direct-positive, and other specific 
applications. 


In choosing a developer, the photographer must keep in mind the 
nature af his subject, the degree of enlargement planned and the type 
of enlarger illumination, and the ultimate use of his photographs, 
When photographing detailed subjects, such as landscape or archi- 
tecture, it is usually preferable to maintain maximum acutance, 
even if a somewhat larger grain size must be tolerated. The same 
principle may apply if your photographs arc intended for reproduc: 
tion; some image detail is likely to be lost in the printing process, 
and thus maintaining maximum impression of detail in the original 
print is desirable. With portraiture or other subjects involving peo- 
ple, on the other hand, vou may prefer the slightly softer feeling, 
with smooch tonal progression and reduced grain size, that is avail- 
able with some fine-grain developers, 


The type of enlarger light source must be considered as well. Con: 
denser |callimated| light sources emphasize crispness and contrast, 
as do point-source enlargers, while diffused-light sources provide 
smoother tones and far better high-value separation. I use a diffused- 
source enlarger for almost all my work. With a more collimated light 
source I would require a softer negative ^ and could possibly tolerate 
somewhat lower grain acutance, but with diffused light I try to main- 
tain maximum sharpness and acutance in the negative. (Ample focal 
length and optical quality of the enlarger lens arc very important in 
this respect, as will he discussed in Book 3.] The considerations of 
grain quality and size are most critical at high magnifications, and 
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therefore are of greatest importance with 35mm negatives which are 
routinely enlarged &x [linear dimension] or more, 

It i$ wise in any case not to make too much of the issue of devel- 
oper choice, since the effects of variations are perhaps not as vital as 
many suppose them to be. My preference, at this writing, is the 
Kodak HC-110 proprietary formula, since I find it applicable ta much 
of my work in large format and roll film. I prefer to prepare the basic 
stock solution from the concentrate, (since it is difficult to be ас» 
curate when preparing the working solution directly from concen- 
trate), and I then dilute this stock solution 1:7 for normal development. 
l have used it 1:15 for contraction, and occasionally 1:30 or more for 
compensating effects, ^ and for extra strength in the negative, I di- 
lute it only 1:3. | have found this developer very dependable, giving 
excellent grain and acutance. 


Components of Developers 


A developer actually contains a number of ingredients hesides the 
developing agent itself. Being familiar with them will enable you 
occasionally to make a useful adjustment in a formula to meet cer- 
tain requirements, 


Developing agent. These organic compounds have the capability of 
reducing exposed silver halide to metallic silver. Metal (Kodak's 
Elan), Phenidone hydroquinone, amidol, pyrogallol [pyra], and дуст 
аге among the most common. Most general-purpose developers con 
tain a metol-hydroquinone combination; the metol provides good 
detail throughout and the hydroquinone increases the contrast and 
produces greater high-value density. Modern thin-emulsian films da 
not react quite the way earlier thick-emulsion films did, and there 
are probably new developing agents in many proprietary formulas 
[manufacturers are understandably reluctant to reveal the details of 
such formulations|. 

Each developing agent and formulation has its own characteristics 
that influence the final effect, Most standard developers used as rec- 
ommended yield greater high-value densities than | personally pre- 
fer. | favor developers of the compensating or semi-compensating 
type, meaning those that give proportionally full development to the 
shadow and middle values while limiting the degree of development 
in high values. A developer of the semi-compensating type, such as 
Kodak 0-23, ^ uses metal alone as а reducing agent in a solution of 
relatively low pH, or alkalinity, and can produce admirable results, 
Prolonged development in solutions of this type can yield vigorous 
high-value density, thus making such developers quite versatile. 


See Chapaer IU 


See pages [61—155 
Sev. Appel d, pape 255 


188 Darkroom Processes. 


Developers containing hydroquinone, or those with metol alone 
in à higher pH solution, do not have this valuable compensating 
action [although tum-of-the-century British photographers, photo- 
graphing the interiors of cathedrals, are said to have used weak hy- 
droquinone solutions, leaving their plates in a deep tray of developer 
for hours!|. I find that with the average metol-hydroquinone devel- 
oper, the high-value densities are too severe by the time the required 
shadow densities are reached. Reducing development to obtain the 
desired high-value density may produce insufficient shadow contrast 
(depending on the developer]. A compensating developer combines 
the properties of low-contrast development in high-value areas, and 
higher-contrast development in the shadows. The effect is to bring 
out subtle differences in tones in shadowed areas of the subject that 
the eye can perceive but that are often beyond the capacity of the 
film to separate decisively with the usual developers, There are cer- 
tain development procedures that can also achieve this effect. ^ 


Preservative. Since a developing agent tends to oxidize rapidly in 
water, à preservative is added to prolong its life, as well as to prevent 
stained negatives and prints. Sodium sulfite is usually added for this 
purpose (as noted above, it also is a silver solvent during long devel- 
opment times). ? In large quantities, as in 0-23, it produces a mild 
alkalinity. In solution A of the ABC Pyro formula, ^ sodium sulfite 
is added to prevent oxidization of the developer agent (pyro). 


Accelerator. The accelerator supplies the alkaline environment re- 
quired by most developing agents. Sodium carbonate and sodium 
hydroxide are commonly used as accelerators; borax or Kodalk ja 
proprietary chemical), sodium metaborate, or sodium carbonate will 
produce a mild buffered alkalinity. |A buffer is a chemical salt which 
releases only part of its available ions at any one time; as that part 
is used up an additional amount is released, thus tending to maintain 
a constant degree of alkalinity during the course of solution life.) 
The amount and strength of the alkali used have a decisive effect on 
the developer action and the resulting quality of the negative. Highly 
alkaline developers, typically using sodium hydroxide (caustic soda] 
as ап accelerator, are useful with graphic arts films where high cons 
trast is desired, but they have a short shelf life and must usually be 
stored as two separate solutions to be mixed iust before use. 


Restrainer. Left unchecked, the developing agent would reduce some 
unexposed silver halide, resulting in overall fog, Potassium bromide 
is usually added as a restrainer to reduce the for level; benzotriazole 
may also be used, but it does not have the same effect with all de- 
veloping agents. The restraimer increases contrast by inhibiting the 
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reduction of silver in lightly exposed areas, thereby producing lower 
densities in the shadow areas of the negative. The addition of potas: 
sium bromide also favors finer grain, owing to its restraining action 
on silver reduction. The fog level that comes from age, heat, and so 
on, can often he reduced by adding potassium bromide or benzotria- 
zole to the developer. However, the amount of restraimer in a film 
developer must be measured carefully, especially with developing 
agents of low reduction potential, since restrainers tend to reduce 
film speed and useful shadow density. Bramides are also a by-product 
of the development itself; since they form at the interface between 
film and developer, they must be removed by agitation or they will 
inhibit further development. © Benzotriazole is marketed as Kodak 
Anti-Fog No. 1. 


Replenishers 


The developer solution loses strength as it is used because of its 
activity in reducing exposed silver halide and because of the accu- 
mulation of contaminants — chiefly soluble bromides — that are a 
by-product of the chemical reaction. A replenisher is a chemical 
formulation designed to restore the developer to full activity so it 
can be reused, up to a certain limit. Replenishment is effective and 
economical when the developer is used in tanks of at least a gallon 
or more, and is used primarily in large-volume labs, My preference 
is for the “one-shot” developer, which is used once and then dis- 
carded, The results are more consistent and the expense is only 
slightly greater than replenishing developers. 

If а replenisher is to be used, it should be mixed and added exactly 
according to the manufacturer's directions. Merely adding more ûf 
the original developer does not restore the solution to its original 
strength. It is best to add replenisher according to the measured 
quantity of film that has been processed in a solution. The important 
criterion is the area of film processed: one 8 x 10 film sheet, or four 
sheets of 4 x 5 film, has an area of 80 square inches. Careful records 
must be kept on the amount of film processed, and replenishment 
must be done on a regular schedule. In all cases, the developing 
solution should be discarded if there is the slightest question as to 
its effectiveness, and usually before reaching the theoretical limit of 
replenishment. One advantage of replenishing large tanks of devel- 
oper solution lies in the fact that, as negatives are developed, a cer- 
tain amount of silver is released into the solution; with very long 
development times this silver will "plate" upon the developed emul- 
sion, thereby adding density and contrast — with limits, of course. 
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Most standard developers keep well under favorable conditions, but 
all lose strength in time. Keeping qualities are related to: 

1. Purity af water used for stock solutions. Water of high purity 
and of a pH of 7 (neutral) is ideal. Distilled water is not exactly pH, 
but is free of metallic ions and organic substances, and is adequate 
for mixing all developer solutions. “Softened” water has its metallic 
ions exchanged for sodium ions and is well Altered, but the presence 
of the substitute ions may affect the developer. Water "hardness" 
relates to its calcium content, and after "softening" it may have only 
around 20 ppm [parts per million] I understand that 180 to 200 ppm 
of calcium is about ideal for most photographic processes, 

2. Chemical formula. Developers containing sodium sulfite (such 
as D-23, D-76, and most standard tank developers| are slow to axi- 
dize, but nevertheless must be protected fram air. Pyro developers 
axidize rapidly when mixed in working solution, and it is important 
to use them immediately. 

4. Containers. Light speeds up oxidation, and thus developers 
should he stored in stainless steel or dark hrown glass bottles, Cer- 
tain plastic materials pass oxygen molecules; you may note that the 
inside of some plastic bottles used for developers becomes quite 
brownish in time, indicating that oxvgen has passed through the 
walls and interacted with the developer, 

4. Contamination. It is important not to allow the developer to 
he contaminated by other darkroom chemicals during processing. In 
addition, tauching the film with fingers contaminated hy stop bath 
or fixer before development is certain to leave marks. You must also 
he very careful to rinse all vessels and graduates thoroughly imme- 
diately after use, 


OTHER DARKROOM CHEMICALS 


Stop Bath 


After development the negative is transferred to a stop bath, which 
serves several functions: |1] since it is acidic, it neutralizes the al- 
kaline developer remaining in the emulsion, thus immediately ar- 
resting development, (2) it helps prevent neutralizing of the acid 
fixing bath by residual alkaline developer carried in the emulsion; 
|3! it helps prevent staining and the formation of scum on the 
negative, 
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To many workers the stop bath is merely a splash of acid in a 
vague amount of water. It should, instead, be compounded as di- 
rected. With too little acid, the solution is easily neutralized by the 
alkaline developer in the emulsion and may not stop development 
effectively or uniformly. Too much acid can generate gas bubbles 
within the emulsion, producing small blisters or pinholes. Be ex: 
tremely careful if you mix stop bath by diluting glacial acetic acid, 
since it is very strong in this concentration (glacial acetic acid is 
usually diluted toa 28 percent stock solution by mixing 3 parts acid 
with В parts water, mix lii uz. af this solution in a quart of water 
for usel. 

One quart or liter of stop bath solution is usually adequate for up 
to 2000 square inches of emulsion. Kodak makes an "indicator" stop 
bath which changes color as it approaches exhaustion. I find that 
when the slightly "slimy" feeling on the Angers produced by the 
alkaline developer is no longer removed by immersion in the stop 
bath, the stop bath is effectively exhausted, 


Fixer 


As discussed, the function of the fixer is to remove the unreduced 
silver halide remaining in the emulsion after development. The most 
widely used fixing agent is sodium thiosulfate, referred to as hypo 
[because it was once known as sodium hyposulfite), A fixing bath is 
usually acidic [although chemically this may not be essential, a neu- 
tral ar slightly alkaline fixer may arrest development unevenly and 
cause the production of stain from the oxidizing developer). Sodium 
bisulfite jor sodium sulfite and acetic acid} are usually added to cs- 
tablish the acidity, and in some formulas bone acid or Kodalk may 
be added as a buffer to stabilize the pH and reduce the usual acidic 
odor. Formulas described as “hardening fixers” include a substance 
[usually potassium alum) that hardens the emulsion ta prevent darn 
age from abrasion or frilling. Uf a plain hypo bath is used, transferring 
film to it from an acid hath may precipitate the sulfur from the 
thiosulfate, resulting in a milky substance and reducing the effec. 
tiveness of the fixer. A non-hardening fixer may be used which con- 
tains sodium bisulfite or potassium metabisulfate. These fixers are 
slightly acidic, and since they do not contain any hardener, the film 
will be quite soft and subject to damage, especially under warm 
conditions. 

Excessive fixing must be avoided, since it can lead to sulfiding of 
the silver, and the fixer may begin to bleach the image by removing 
silver as well as the unreduced silver halides, This bleaching effect 
is first visible in the low-density areas (the shadow areas on the 
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negative, high values on the print|. The rapid fixer formulas аге es- 
pecially likely to bleach image silver and must not be overused, 

| use the Kodak F-6 formula for all fixing baths. ^ The addition of 
Kodalk or borax serves to reduce the acidic odor without affecting 
the performance of the fixer. Since the water temperature in my 
darkroom is rarely above TIFF from the tap, I am able to reduce the 
hardener [potassium alum] by about one-third. | believe that the 
reduced hardener makes more efficient washing possible. 


Hypo Clearing Solution 


After the negatives have been fixed and given a generous rinse, they 
should be placed in a hypo-clearing solution. Several brands are avail- 
able |such as Kodak Hypo Clearing Agent}, and most contain inor- 
ganic salts that remove hypo more quickly than just washing in plain 
water. Follow the manufacturer's directions for the treatment and 
washing requirements, although | usually give additional washing 
beyond thc suggested minimum times. For additional permanence, 
the film can be treated in a weak selenium toner bath, followed hy 
a final wash |selenium also has potential for use in intensifying neg 
atives ^|. Do not confuse Hypo Clearing Agent with Kodak's Hypo 
Eliminator, which is used with prints only and may cause damage 
if used with negatives. 


Negatives should be stored in acid-free envelopes in a cool environ- 
ment of low or moderate humidity. I keep my negatives in a vault 
in which the temperature is maintained at 60—65"F and the relative 
humidity is held at 45 percent. 

There has been some opinion that materials such as glassine or 
most plastics do not provide archival conditions for storage of пер» 
atives. 1 now store negatives in translucent folds of untreated poly- 
ester (through which the negatives can be seen adequately for 
identification|, which is then inserted in an outer envelope of archi- 
val paper. The open end of the polyester fold should be at the open 
end of the envelope to permit the negative to “breathe,” and the 
envelope should be filed with the open end up or sideways, never 
down against the bottom of the filing box or tray. IF the envelopes 
are stacked lying flat, proper breathing will be inhibited. In humid 
conditions you may insert packets of silica gel in the negative filing 
box to absorb moisture [the gel can be dried out in an oven for re- 
peated usc.| Never store negatives [ог papers| in the darkroom, the 
humidity and chemical fumes can cause serious deterioration. 
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IF you are storing old nitrate-base negatives, | must stress the põ- 
tential dangers. The nitrate tends to disintegrate, particularly if the 
negatives are not stored properly (ie, if they are packed together 
without interleaving, and without proper temperature and humidity 
control. As the negatives deteriorate they become highly flammable 
and release gases that can be harmful to other films. Valuable images 
on nitrate-base film should be carefully duplicated and the original 
then destroyed; use great care if you burn such negatives, since they 
can be quite explosive. 


Chapter 9 
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Darkroom Equipment and 
Procedures 


Each photographer establishes his own system of processing which 
relates to his darkroom design, equipment, and personal conve- 
nience. I believe that the following material on darkroom facilities 
and procedures is fairly basic, consisting of established practices and 
my own methods as they have evolved over a period of several 
decades. 


As his work evolves, cach photographer will have individual require- 
ments ina darkroom and work space that relate to his or her personal 
needs and comfort, Edward Weston produced his extraordinary pho- 
tographic prints in a spartan darkroom where the most elaborate 
device was an old dry-mounting press; his prints were made without 
enlarger, using only a contact printing frame beneath a bare light 
bulb suspended from the ceiling. My darkroom, on the other hand, 
is fairly elaborate, because 1 have done a considerable amount of 
professional work that has required efficiency and special capahili- 
ties, such as being able to make prints of 30x 40 inches or larger. 

А darkroom can be a small closet-sized space in which the осса- 
sional photographer processes some film and makes a few prints, or 
it can be a tightly functioning area equipped to turn out higher wol- 
umes of professional or creative work. I do not mean to imply that 
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every photographer should follow a fixed ideal design in assembling 
a darkroom, What is important, however, is that the space and fae 
cilities function well for the individual. Some of the more elaborate 
darkrooms | have seen were the least practical, as they were not 
designed for efficient operation. | will discuss the principles of dark- 
room design here with specific reference to the requirements for 
processing negatives; the darkroom will also, of course, include 
space and equipment for printing, which is discussed in Bnok 3. 
The darkroom should be designed in such à way às to permit main- 
taining separate "wet" and "dry" areas, and it should be a rule never 
to allow wet procedures to intrude on the dry side. If possible it is 
usually best to use one side of the darkroom for the sink and wee 
procedures, and keep the opposite side "dry," with an aisle of about 
three feet between them. Circumstances sometimes require design- 
ing the worktable and sink in sequence, in which case a partition at 
least two feet high should separate the two to ensure that the dry 
area is not splashed with water or solutions. The dry side should 
include ample working space for loading film holders and developing 
hangers or reels, plus the space required for the enlarger and related 
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equipment. I recommend placing the enlarger directly opposite the 
sink area where the print developer tray will be. The dry side of the 
darkroom should also include storage space for lenses, magnifiers, 
and other tools and accessories required for use of the enlarger. Film 
and paper, though, should be stored outside the darkroom because 
of possible chemical fumes and humidity. 

The sink can be a ready-made unit of stainless steel or fiberglass, 
ог it can be constructed from wood and heavily coated with Aber- 
glass, epoxy paint, or other waterproof and chemical-resistant trid- 
terials. The sink should have a flat bottom surface large enough to 
contain at least four trays of the largest size you expect to use, with 
splashboard an the wall side. Be sure the sink is supported on a strong 
frame and that the bottom is tilted toward a drain located in one 
comer. If you expect to use a print washer in the sink, include space 
tn accommodate it. Shelves, storage cabinets, and racks for trays can 
be built below tables and the sink. | suggest making a rough mock- 
up of the sink to determine practical dimensions and optimum 
height. 

Adequate ventilation is a necessity, to remove fumes and provide 
fresh air during work sessions, Light-tight exhaust fans are available 
at moderate cost, and should be installed above or near the sink 
where chemicals are used (he sure, however, that vibrations fram the 
fan cannot affect the enlarger), An additional air vent, also available 
in a light-tight construction, should be located at the opposite end 
or side of the darkroom to provide erass-ventilation. A negative-ion 
device may be worthwhile, especially for those who have respiratory 
conditions; it definitely “treshens" the air. 

Plumbing for the sink should include at least one hot-cold mixing 
faucet. It is most convenient to use a double swivel tap to which a 
length of flexible hose is attached, and a separate outlet may be 
provided for permanent installation of the print washer. Tempera- 
ture-controlled mixing valves can be very helpful, and ideally one 
would be used for the washer outlet and a separate one for general 
work in the sink; the latter can be used with a large deep tray to 
provide a water jacket in which film developing tanks, ete, can be 
placed to maintain constant temperature. An adequate supply of hot 
water must be assured, and I strongly recommend including a water 
filter system in the darkroom plumbing |in some areas the quality 
of water supplies makes this mandatory), 

Keeping the darkroom clean is essential, and construction should 
be planned so that all suríaces are waterproof and washable. Install 
"cove" molding where the walls meet the floor and at the tops of 
worktahles and sink. Formica makes good material for counter tops 
and cabinets, and bottom shelves should be above the floor to permit 
access underneath for cleaning and to prevent the accumulation of 
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moisture. If possible, include a sump drain in the floor [he sure the 
floor slopes toward the drainl, to permit hosing down the entire floor 
surface. This can be especially important if chemicals have been 
spilled, since if allowed to dry they can turn inta а powder which — 
forms dust on negatives, lenses, ete. Such dust can be injurious to 
health if the ventilation is inadequate, and some people have allergic 
reactions to such chemicals. Anyone who has spilled glacial acetic 
acid in his darkroom appreciates an cfficient sump! Be sure to con. 
form to local building codes in all plumbing, electrical installation, 
and emergency exits; in addition co the possible safety hazard, con: 
struction that does not conform to code may invalidate fire and li- 
ability insurance. 

Use a paint that is waterproof and washable on all interior walls 
and the ceiling. A light color will make efficient use of the safelight 
illumination as well as providing a pleasant environment. | person- 
ally favor a rather light neutral color jabout 70 percent reflectance) 
for walls and ceiling, White ceilings are best for the use of reflecting 
safelights, such as the highly efficient sodium units. However, walls 
near the enlarger should be fat black to minimize reflection of en- 
larger light onto the printing paper. 


Workroom 


A separate workroom should be provided if possible. Since much of 
its use relates to print drying racks and mounting equipment, this 
area will be discussed in more detail in Book 3. The workroom 
should, however, include space for drying negatives — preferably а 
cabinet with filtered air vents. I do not recommend drying negatives 
at a temperature higher than that of the normal environment, which 
is usually close to the working temperatures of the solutions. In a 
damp climate, humidity control may be necessary; about 50 percent 
relative humidity is ideal. The workroom can also include storage 
facilities for films and papers, as well as finished negatives and 
prints, plus a light table, densitometers, and other equipment. Like 
the darkroom itself, this area must be kept very clean, and should 
he constructed with this necessity in mind. 


FILM PROCESSING EQUIFMENT 


Roll Film tanks and reels. Tanks for processing roll films are avail- 
able in plastic or stainless steel. Nearly all are of the "daylight" 
variety, which allows all processing steps to be carried out in normal 
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light once the film has been wound on reels and enclosed in the tank, 
My preference is for the stainless steel tanks since they are durable 
and easy to clean. The complete unit includes the tanks, one or more 
film reels (depending on the tank size|, a tank cover with a light- 
baffled vent for adding and draining chemicals, a small lid for capping 
the vent, and a rad for lifting the reel or reels out of the tank. It 
requires some practice to load stainless steel reels properly, ^ but 
once mastered the process becomes completely automatic and 
Épalpraat. 

Large tanks are available that hold up to eight 120-size rolls, or 
sixteen 35mm rolls. These are very useful when large quantities of 
film must be developed. With all daylight tanks, and especially with 
such large tanks, the time required for filling and draining the tank 
through the vented lid affects the uniformity of development. It is 
better to fill the tank with developer before processing starts and 
then quickly immerse the loaded film reels on rods (in total darkness, 
of course), after which the tank can be covered and lights turned 
— 

For very large quantities of film, special deep tanks can be pur- 
chased from manufacturers such as Calumet, Pako, ar Burke & 
lames. The films are suspended from hanging rods with clamps. In 
shallower tanks, the film rolls are bent over the smooth rods, and 
the ends held together with a weighted clamp, 

The small metal caps that fit over the drain vent of the stainless 
steel tanks permit agitation hy inverting the tank. Such caps, and 
the lids themselves, are usually mot truly interchangeable from one 
tank to another, and using the wrong lid of cap can result in leaking 
if it is too loose or binding if it is too tight. lf you have a variety of 
tanks, covers, and caps in your darkroom, be sure to assemble the 
entire tank unit hefore loading the film, or number the components 
in sets [by engraving or plastic adhesive tabs| to ensure the proper fit 
of all pieces. 


Sheet film processing equipment. My personal preference is to de- 
velop sheet or film-pack film in a tray. 1 find this assures more even 
development than tank development, provided the trays are large 
enough to allow for generous movement during agitation. Insuffi- 
cient agitation in too-small trays can cause the edge portion of the 
negative to develop more than the center, resulting in higher edge 
densities. 

If you choose to use tanks, | recommend the open-top tank and 
conventional hangers that support all four edges of the film (пос the 
metal-rod type known as X-ray film hangers, which clip onto the 
edge of the film and can cause scratching}. At least four tanks or 
trays will be required, one each for developer, stop bath, fixing bath, 
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and rinse, plus а film washing device. Although open tanks must be 
used in total darkness during processing, they are preferable to the 
daylight processing tanks for sheet films, which often cause streaks 
and uneven development duc to agitation irregularities. 


Film washers. Film can be washed in a standard tank or by using one 
of the special film washers available. Such washers are designed to 
permit water to flow continuously over the negatives from one side 
to the other, or from top to bottom. A rapid How of water is not 
necessary for ciflcient washing, but the water must be exchanged 
uniformly and frequently — at least one complete exchange every 
five minutes — and fresh water must reach all parts of all negatives. 
If a conventional tank is used for washing, be sure to empty it fre- 
quently during the washing process. In my darkroom I have a narrow 
stainless steel tube attached to a water hose. For washing roll Hlms 
the tube is inserted through the center of the reels so the water flows 
into the tank at the bottom, passes upward across the film, and 
overflows the tank at the top. The tube can similarly be inserted in 
а sheet-Blm tank tor washing, Several thorough rinsings of the film 
before washing serve to remove much of the fixer an the film surface 
and thereby assure a more complete wash in minimum time, 


Thermometer, A precise darkroom thermometer is essential for uni- 
form and predictable processing of negatives. The modern dial ther- 
mometers are usually very gol, and the Kodak Process Thermometer 
is anc af the best of the conventional type. Electronic thermometers 
have many advantages, hut the good ones are not inexpensive, Pho- 
tographic thermometers must be especially accurate in the range 
from about & to BOF where most processing is done, They should 
be handled carefully and used only for photographic processing, with 
careful rinsing alter cach use. Some of the less-expensive thermom- 
eters are inaccurate, and 1 do not recommend trying to find a bargain 
for this important acquisition. 


Graduates, Accurate graduates should be purchased in a variety of 
sizes up to one quart or one liter. Glass or high-quality acid-resistant 
plastic graduates are best for the small sizes, where it is important 
to see the precise level of fluid, and stainless steel is good for the 
large sizes. 


Scales. | use a “gross” scale for measuring bulk chemicals, such as 
hypo, in quantities up to about 25 pounds. A good lab balance should 
he acquired if you find you need to mix your own developer and 
other formulas, 
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Containers. The size and type of liquid-chemical containers is sonic- 
what determined by the volume of work done and the amount of 
storage time anticipated. | use stainless steel ranks with floating lids 
that slow down the process of oxidation of the solutions, in 25-gallon 
size for fixer and 5-gallon size for stock print developer solution. For 
smaller amounts, gallon or half-gallon brown glass bottles will suf- 
fice. For film developer I prefer one-quart glass or dark plastic con- 
tainers. I usually mix my developer in one-gallon quantities and then 
distribute the solution in the smaller bottles. Since cach bottle is 
completely full and sealed until needed, the developer in unopened 
containers is protected from the air. Remember that exposure to air 
hastens the deterioration of all solutions, and is especially damaging 
to developers. Fill the containers to be stored to the top and seal 
them tightly, and be sure to lahel all containers with the date of 
mixing. IF plastic containers are used, be sure they are heavy and do 
not “breathe,” which allows oxygen to reach the solution. 


Timers. A variety of timers is available, including some designed to 
be used both to time film development and to control an enlarger. 
I do not use an enlarger timer, but for processing film a digital or 
luminous-dial clock timer is essential. The timing of film develop- 
ment in particular is critical, and the timer must be accurate, For 
printing and enlarging, | prefer to use an electric metronome rather 
than a clock timer that shuts off at a pre-set time. I want to keep my 
eyes on the print for dodging and burning, not on the clock! 


TIME, TEMPERATURE, AND AGITATION 


Time and Temperature of Development 


All chemical processes are sensitive to temperature to some extent, 
In photographic chemistry, development in particular occurs at a 
rate that is directly a function of solution temperature: an increase 
in temperature speeds up the process, thereby reducing the time 
needed to reach a certain degree of development. [t is thus necessary 
to standardize both the time and temperature if predictable results 
are to be obtained with each developer. 

For most black-and-white processing, 68°F (20^C| has been adopted 
as the standard temperature. Higher temperature, up to about 75°F 


See Appendix 1, page 230 
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(24°C) may be more practical in a warm climate, where room and tap 
water temperatures are higher, but warm temperatures make the 
emulsion softer and more susceptible to abrasion and scratching. 
Conversely, temperatures below 68°F extend the development time 
by slowing down the chemical reactions. 

Manufacturers usually provide a time-temperature table or graph 
to indicate "normal" processing. Knowing the temperature you will 
be using |69°Е unless there is a specific reason to use some other 
temperature), you can consult the table and read the required devel- 
opment time ta achieve and "normal" negative. The development 
time-temperature data provide a useful starting point, but full con- 
trol requires testing to establish normal development appropriate 
ta your own flm-developer combination, agitation, and other 
variables. < 

The response of different developing agents to temperature change 
is by no means identical. Metol, for instance, has a fairly consistent 
response to temperature change over a wide range — that is, the 
required change in developing time is directly proportional to the 
temperature change in degrees, Some other agents, such as hydro- 
quinone, lose much of their activity below a certain temperature 
around 55°F or 12°C with hydroquinone), and the character af de- 
velopment changes. Developer formulations containing more than 
one reducing agent thus may change both in the rate of development 
and the characteristics of the final negative if the temperature differs 
from the norm — the strongest argument in lavar of standardizing 
at 68", 

The temperature of other solutions is less critical, hut should not 
be allowed to vary by more than 2° or 4°F [about 1C] from the de- 
veloper temperature. The reason is that a sudden change of temper 
ature when film is moved from one solution to another can cause 
swelling of contraction of the emulsion, and the grains may cluster 
together into larger aggregates. In severe cases the result is reticu- 
lation, a “wrinkling” af the emulsion visible in the enlargement as 
an overall pattern that somewhat resembles very large grain. All 
temperatures should be closely monitored with an accurate ther- 
mometer, below about 60°F (16°C| even the washing process is 
slowed down and becomes uncertain in its effectiveness. 


Water jacket, The most practical means of maintaining solution 
temperatures during processing is by using a water jacket around 
tanks or trays. A container large enough for several gallons of water 
of the right temperature (enough to reach about two-thirds the height 
of the processing tanks] is ideal. A jacket tank of hard rubber or 
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plastic will maintain the temperature at a more consistent level than 
a metal container, the temperature will also be more stable if a rel- 
atively large volume of water is used. Both these factors are espe- 
cially important if you process in total darkness and thus cannot 
monitor the jacket or solution temperature during the processing 
itself. The jacket container should have a drain tap or overflow that 
allows adding warm or cold water without submerging the process- 
ing tank or trays 

The correct solution temperature can be reached initially by plac- 
ing the bottles in a jacket of warm or cool water. Bear in mind, 
however, that pouring developer into a tray or tank may cause fur- 
ther temperature variation, and the final temperature must be es- 
tablished in the vessel used for development just before processing 
begins. If you use a daylight tank for roll film, you can bring the tank 
and reels to the right temperature by standing them in the water 
jacket before adding the developer, use a weight on the tank to keep 
it from floating or overturning, and be certain that no water can 
enter if the tank contains the film on reels. It will be much easier to 
maintain the correct temperature during processing if you keep the 
proper environmental temperature in your darkroom. For processing 
in the dark, vou should check the temperature of the developer and 
the water jacket just before turning off the lights. You should also 
occasionally check the developer temperature at the end of process- 


See pages 183-—[HU 
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ing; if it is more than about one or two degrees Fahrenheit different 
from the ideal, vou should improve the water jacket control. 

A good quality temperature control water-mixing valve can main 
tain а preset temperature within one-half degree. Using such a valve 
it is a simple matter to circulate water of the right temperature in 
the jacket throughout processing, thus being certain of good control. 
Such precise jacket temperature is especially important if color pro 
cessing is to he done, since a one-half degree variation in color chem- 
istry can cause shifts in color balance as well as in the overall degree 
ot development 


Agitation 


As the developer reduces the silver halides of the emulsion, the de- 
veloper at the interface (that is, that part of the developer in imme- 
diate contact with the emulsion) becomes exhausted and must be 
replaced with fresh developer by agitation. Development begins 
when thc film first comes in contact with the developer solution, 
and agitation is important at this stage to be sure the developer is 
evenly infused into the emulsion. Once the development is under 
Way, certain by-products at the ртосезя [notably bromides, the same 
chemicals that are used as restrainers © because they inhibit devel- 
opment| act tà slow down or stop development, and their presence 
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can cause "bromide streaks” or “silver streaks” if they are not re- 
moved hy agitation 

Establishing and maintaining a consistent system of agitation i5 
therefore very important, but the amount of agitation must be care- 
fully controlled. Excessive agitation causes am increase in contrast 
of the negative. It can also cause streaks and nonuniform develop- 
ment if currents within the developer solution cause more agitation 
in one part of the negative than others; this occurs typically along 
the edges of the negatives, and is visible as density changes in areas 
that should be uniform. Insufficient agitation usually results in 
streaks and mottling of the film. The best test for proper agitation 
is to develop an entire negative exposed to a uniform surface placed 
about on Zone Vl. Excess density along the edges of the negative 
usually indicates too-vigorous agitation or an improper agitation pat- 
tern; overall mottling and uneven density usually are symptoms oi 
underagitation. Specific agitation methods will be discussed in the 
sections that follow. 


The first step in preparing for film development is to gather all the 
necessary equipment and materials and lay them out in proper së- 
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quence. The water jacket for the tank or trays should be prepared 
and used to bring all solutions to the right temperature, Check that 
the thermometer, timer, wash tray or tank, towels, and all other 
required equipment are in place, especially those you must he ahle 
to find readily in the dark. On the dry side of rhe darkroom, lay out 
the film holders or rolls, cassette opener if 35mm film is being pro- 
cessed, and whatever tanks, reels or holders, covers, and so forth are 
needed, | strongly advise rehearsals of the development sequence to 
establish a facility in this crucial processing stage. 


Tank Development of Sheet Films 


Mix chemicals, pour into tanks, and place in water jacket. Include 
one tank of plain water at 68°F (20°C) to "pre-soak" the film before 
developing. The pre-soaking allows che emulsion to swell and sta- 
bilize before it 18 immersed in the developer, this assures more uni- 
form development. Arrange the film holders on the worktable and 
place the film hangers on a frame [usually two rods protruding trom 
the wall, or in an empty and dry development tank). A second frame 
or tank should be nearby to hold the hangers after inserting the film. 
Open the hinged retainer on cach hanger. Before tuming off the 
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lights, check the processing area: the tanks must he in proper se- 
quence, the timer set, and the solutions and jacket water at the 
desired temperature (be sure you rinse the thermometer between 
solutions!|, You must also be certain that the film hangers are cott- 
pletely dry, and that your hands are free of chemicals and completely 
dry before handling the film. 

With the lights out, remove the film from the holder (being careful 
nor to touch the surface with your Hngers| and slide it into the 
hanger, closing the hinged lip to secure it. When all hangers have 
been loaded [with the film emulsion sides all facing in the same 
direction} lift them all together and immerse in the pre-soak bath of 
water. Agitate them constantly for about 30 seconds [using the agi- 
tation procedure described below), and then move the holders as a 
group to the developer tank. For the first 20 seconds the films are in 
the developer, repeatedly lift the hangers an inch or so and drop them 
hack so the impact on the tank edge dislodges any bubbles adhering 
to the surface. The timer should now be started; the delay in starting 
the timer is necessary because the developer must displace the water 
in the emulsion before development can begin. You may prefer to 
add 20 seconda tothe optimum development time and start the timer 
as soon as the hangers are moved to the developer tank, hut in either 
case the delay must be included in the total time in the developer. 
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[tas important to adhere to a consistent agitation pattern. | suggest 
agitating the Alm continuously for 30 seconds, then for 5 seconds | 
each minute, using the following sequence: lift the set of hangers 
out of the developer, tilt them to one side, replace, then lift again, 

Soe Figure 9-4 tilt to the other side, replace, then lift slightly and drap. © Simply | 
lifting all the hangers out of the developer is not sufficient ta provide 
good agitation, They must be lifted and tilted at about 45* in each 
direction, as described, to ensure that the developer and by-product 
drain from the channels along the edge of the film. The tanks used 
should be wide enough to permit the lift-tilt agitation pattern and 
а certam amount of side movement, without being so wide that a 
hanger could drop down into the solution. Ї is important to keep 
the hangers in line when agitating or moving them from one tank to 
another; otherwise there is considerable danger of scratching adin- 
cent films 

When the developing time has elapsed, lift out the set of hangers 
and place them in the stop bath, agitating with the same lift-tilt 
sequence for about 30 seconds. Then move them to the fixer and 
continue the same agitation for about 30 seconds. Agitate in the fixer 
every minute for about 4 or 5 minutes [the lights may be turned on 
alter the first 2 or 3 minutes), After fixing, the films may be rinsed | 
and transferred to the film washer or placed in a tank of water. lÎ 
they are to be held in water storage for a time before washing, agitate 
them and change the water at frequent intervals. 
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Tray Development of Sheet Films 

I helieve tray development to be the simplest method, although care 
must be exercised at all stages in handling the films. I rarely have a 
scratched negative, and I find that development is uniform and con- 
sistent. Agitation is more complex than with tank development, and 
careful attention must be paid to the frequency and timing. 

We begin by setting up the trays, including a tray of water for pre- 
soaking, using a water jacket for temperature control. The trays 
should be level and rest on an open grid frame or rack an inch or twa 
above the bottom of the water jacket so that water can circulate 
underneath them. To facilitate handling, | use trays that are at least 
one size larger than the films: 11x 14 fur 8 x 10 film, and 8 x 10 trays 
for 5x7 and 4x5 films, Avoid trays with smooth flat bottoms since 
the negatives can he hard to lift away fram such a smooth surface 
Trays with ridges or grooves on the bottom, such as the FR Prin- 
Trays, make it easier to handle the negatives. 

Alter preparing the solutions and trays, I arrange the sheet film 
holders on the worktable, being sure they are in proper position for 
identification in the dark. I also use one or more empty film boxes 
with light-tight covers to store the films after unloading the holder, 
separate boxes are needed if different development is required for 
some negatives. 

| find it helpful to use two trays for developer, dividing the total 
volume of solution between them and passing the film from ane tray 


C 


Figure 9-8. Came of negative 
miches The film emulsion is very 
delica dumne development, and can 

easily he damaged by a comer of an 
ther film. Be exrremely careful when 
adding a film to the solusion. cr when 
moving filme daring agxtatim, not to 
alme the corner of one sheer to pooch 
another sheet. Use the "wiping" me 
fem shown im Puar 9-7 whenever 
moving the sheer 


210 Darkroom Equipment and Procedures 


to the other and back again during agitation. You will also need 
similar trays for stop bath, fixer, rinse water, and a deeper tray with 
à gentle water flow for storage. Since you will be immersing your 
fingers in the developer solution, the warmth of your hands will tend 
to raise its temperature, this effect can be minimized by using a 
reasonably large volume of developer and hy keeping a tank of cold 
water nearby in which to dip your fingers prior to cach manipulation 
in the developer. 

After some practice, as many as six or eight films can easily be 
developed at one time. A single hatch can include a larger number, 
hut this requires a high-dilutian developer with a longer processing 
time, and à gErcarecr volume od solution. 

When all the preparations have been made, turn off the lights and 
unload the holders [Бе certain your hands are thoroughly агу]. Then 
take the films to be developed and, with the emulsion side up, gently 
"fan" them so each can be individually handled [hold them only by 
the edges]. You can then place them one by one іп a water bath, 
pressing each down under the surface. If the films are fanned, touch- 
ing the edge only of the next one to go into the water bath does no 
harm, but if water gets between the films they will stick together 
and may he damaged, Agitate the sheets in the water bath by placing 
your fingers under the hack of the hottam film, lifting it up and away, 
and replacing it on the top of the pile. This last action should be 
downward with a “wiping” action, taking care to avoid letting the 
edge ог corner of the film scratch the one below it. The emulsion 
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will be very soft at this point, and the corner or edge of one negative 
сап easily scratch another [as can too-long fingernails!]. Each sheet 
tan be gently pressed down into the solution with the balls of the 
fingers. 

You should attempt to establish a complete cycle of agitation that 
involves moving each film from the bottom to the top of the stack 
once per cycle, This will allow you to he sure that the first film into 
the developer is also the first one into the stop bath, and first into 
the fixer; thus the total developing time for each film will automat- 
ically be the same, taking into account the time required to immerse 
each sheet in the solution. One way to keep track is by using the 
code notches cut inta the comer af sheet films. When the notch is 
in the upper right corner, the film is emulsion-up. The first film into 
the presoak, however, may be reversed emd-far-end so that its upper 
nicht has no code notch (even though the emulsion side is still facing 
ир, This will enable you to find that sheet easily in the dark and to 
make it the first one into each successive processing hath. 

After about a minute of pre-soaking in water [with constant agi- 
tation), gather the films gently in a corner of the tray and lift them 
carefully together. Since they are wet, they will slide easily, and care 
must be used to handle them securely without damaging them. Place 
them one after the other in the developer [this should take about 2 
seconds each|. When all are in, count 20 seconds while agitating as 
above and then turn on the timer; as with tank development, the 
delay is necessary to allow the developer ta displace the water soaked 
inte the emulsion. 

With six sheets and a normal developing time of about 6 minutes, 
| would agitate by moving one sheet from the bottom to the top of 
the stack, or into the second developer tray, every 5 seconds through- 
out the development time. This pattern, with six films, assures that 
each one is moved every 30 seconds, You will have to adjust the 
frequency if you develop a different number of sheets. When devel- 
oping only three films, for example, you should increase the interval 
ta 10 seconds, so that each one is similarly moved once every 30 
seconds. Remember that consistency of agitation according to a 
strict plan is very impartant. Constant agitation [a tempting method 
in this situation) yields higher contrast. 1 do not advise it as it short- 
ens development time and requires more rapid handling, with greater 
chance of scratching. 

Once the development is complete, gather the negatives in a cor- 
ner ûf the tray, lift them out, and immerse them one by one in the 
stop bath, beginning with the sheet that went first inta the devel- 
oper. Give continuous agitation as rapidly as you can without dam- 
age to the films for three or four exchanges to arrest development 
fully. Then again gather the films and transfer them into the fixing 
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bath. After a few minutes — say four от five complete cycles at a 
moderate rate — you can turn on the lights and complete the fixing 
process. Do not tempt fate hy turning on the lights too sonn! 

With film-pack films, which are thinner and therefore somewhat 
harder to handle than sheet films, 1 follow basically the same pro- 
cedure, normally developing no more than one-half film pack (8 
films] at onc time. It is important to start with very dry fingers when 
handling the dry films, and be sure to use the pre-soak for at least 30 
scconds. It makes little difference how lang the films are in the pre- 
soak, provided it is long enough for a thorough wetting. Should the 
films stick together in the water, pull them apart very gently while 
holding them under the water. After the pre-soak I transfer the entire 
group to the developer and immediately begin the agitation cycle, T 
the negatives stick together in the developer they should be sepa- 
rated as soon as possible to prevent markings. With a thorough pre- 
soaking, however, there should be little danger of their sticking 
together in the developer. 


Roll Film Development 


The solutions and a pre-soak bath are prepared im advance and 
brought to the correct temperature as previously described, My pro- 
cedure is to fill the tank with developer and place it in the water 
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jacket with the cover conveniently close by: it's exasperating not to 
be able to find the cover in the dark! Then lay out on the worktable 
the cassette opener [if 35mm film is being processed] and scissors to 
cut the leader [355mm film] or tape (120 Alm), plus reels. Be sure the 
reels face in the right direction for loading and that they are dry, and 
have suspension rads at hand if used. 

In darkness, remove the film from the cassette or spool and, with 
45mm film, cut off the leader. To load the reel, curve the film slightly 
between thumb and forefinger, and insert the end under the clamp 
at the center of the reel, © Then pull the film gently so that it does 
not sag, and, being certain it rests evenly in each groove, turn the 
reel slowly and evenly so that the film "tracks" smoothly into the 
grooves. The film should be given a slight edge pressure, but never 
more than required to "invite" the roll into the grooves, This pro- 
cedure requires some skill, and should be practiced using a discarded 
roll, in daylight and then in the dark. It is of the utmost importance 
that the film not be buckled, pinched, or cracked, and that it rides 
freely between the grooves. If the film is allowed to cross over into 
the wrong track, it will contact an adjacent layer, and the surface 
not exposed to developer will be blank. The film should feel slightly 
loose in the grooves if it is properly wound on the reel. 

Once the reels are loaded, place them on the T-shaped suspension 
rod and immerse them in the water pre-soak for at least 30 seconds. 
Agitate at this stage by lifting the reels, rotating them a half-turn 
each way, and then dropping them back into the tank to dislodge 
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any air bubbles from the film. Then transfer them to the developer 
tank and cover the tank securely. The lights cam now be turned on, 
and the tank should be rapped against the sink to dislodge bubbles, 
and agitated continuously for the first 30 seconds. 

Far some reason the agitation of roll films in tanks presents prob- 
lems, chiefly uneven development. Most photographers arrive at an 
agitation system that works satisfactorily and produces even devel- 
opment, but you may have to experiment to find the best approach 
for your processing methods, I have obtained the most satisfactory 
results using agitation in a “torus” pattern, which is not easy to 
describe accurately but is nevertheless a simple procedure. With the 
tank lid and cap secured, I grasp the tank and lid firmly and, as 1 
invert it, I also give it a twisting motion so that it is both inverted 
and rotated. I go through this movement twice in about 5 seconds 
[I consider this the ideal agitation period] at the appropriate intervals. 
For development times up to about 10 minutes, agitate every 30 
seconds; for longer developing times agitate every minute for the 
first 10 minutes, and every 1 or 2 minutes thereafter. The heat of 
the hands can be transmitted to the developer through a steel tank; 
hence soak the hands in a tank of cold water prior to grasping the 
developer tank for agitation. 

At the end of development, turn off the lights, remove the reels 
from the tank, and transfer them to the stop bath. They should be 
agitated rather vigorously |lifted, rotated, and replaced) for about 30 
seconds, then drained and transferred to the fixer. The stop bath and 
fixer can be in separate roll Alm tanks or in sheet film tanks if these 
are deep enough to cover the reels. If the tank is uncovered, you can 
agitate hy simply lifting and dropping the reels gently in both solu- 
tions. With a covered roll-film tank, of course, a similar agitation 
pattern to that used in development is best. Do not neglect agitation 
in either step bath or fixer, and be sure not to expose the film to light 
until it has had 2 or 3 minutes’ fixing time. 


Washing, Drying, and Storage 


Since the film base is impervious to photographic solutions (only the 
emulsion absorbs chemicals] the washing time is much shorter than 
with fiber-based paper prints. After removing the negatives from the 
fixer, give a thorough rinsing before placing the film in the wash. 
The most efficient washing requires a gentle but continuous flow of 
water around and through each reel. IF you have the slightest doubt 
about the efficiency of your washer, empty and refill it at frequent 
intervals throughout the wash process, Roll films spooled on reels 
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and sheet films on hangers should also he moved about during wash- 
ing to remove fixer solution that tends to accumulate along the edges 
within the grooves, Sheet film that has been tray processed should 
be agitated throughout the wash period by the same procedure used 
in development; | usually move the films at least 12 times from one 
tank to another filled with fresh water. 

Using an efficient washer, I give the negatives an initial 5-minute 
wash, followed by treatment for 3 minutes in a hypo-clearing agent 
and a final 10 minutes of washing. For maximum permanence you 
may treat the negatives in a dilute selenium toner bath before final 
wash. It is advisable ta control the temperature of the wash water 
carefully to avoid thermal shock to the negatives. Even though the 
emulsion has been hardened by the action of the fixer, it should nat 
be exposed to warm water, and water that is too cold slows down 
the removal af residual chemicals. The optimum wash temperature 
is the same as that used for the processing solutions, or at most about 
SF lower. The quality of the wash water should also be checked, the 
water should be well filtered to remove grit, metallic particles and 
organic matter. 

lf water is in short supply, a series of repeated soakings in сопе 
tainers of fresh water can be efficient in removing hypo. The rec- 
ommended procedure is to give at least one-half hour of continuous 
soakings, with agitation, changing the water every five minutes, 

After the final wash, remove the negatives and immerse them for 


hv page 192 


Darkroom Equipment and Procedures 217 


about one minute in a very dilute solution of a wetting agent such 
as Kodak Phote-Flo. Keep the negatives separated in this solution 
but do not agitate vigorously, to avoid foaming of the solution. The 
wetting agent allows the water to run off the negatives freely, and 
should permit drving without the need to wipe the film. If you do 
find your negatives show water spots while drying, you should care- 
fully wipe them off with a tuft of clean cotton or a soft rubber squee- 
gcc after treatment in the wetting agent. 

Sheet film negatives will dry best if hung hy one corner, T have 
found that wooden clothespins hung at intervals from an overhead. 
wire work best. | have tried plastic clothespins, but find they do not 
grip the film securely, and metal clamps usually leave rough areas 
on the film, which can cause scratches if they come into contact 
with another sheet (trim them off after drying.]| The films should be 
held only by the margins; never allow the clothespins to grasp the 
image area of the negative. Be sure the films are separated and cannot 
touch one another during drying. Do not try to dry sheet film in the 
developing hangers (if used|, because water collects in the corners 
and the grooves, preventing uniform drying. Roll film should be re- 
moved from the reel and suspended from the same clothespin ar- 
rangement, with an additional clothespin attached at the bottom as 
a weight to prevent curling. As stated earlier, | recommend drying 
film at room temperature only. 1f dust is a problem, you may need 
to construct a drying cabinet with filtered vents at top and bottom 
to permit air to circulate without admitting dust. 

The negatives must be fully dry before being inserted inta enve- 
lopes [roll films should be cut into strips). ^ Should incompletely 
dried negatives stick together or adhere to envelopes, do not attempt 
to pull them apart or you may damage the emulsion. Instead, allow 
them to soak in clean water; in time they will separare by themselves 
or can be pulled apart very gently. It should also he pointed out that 
you must avoid partially wetting a dry negative. If this happens, the 
wet portion of the emulsion swells and distorts the negative, and it 
may he impossible to flatten it out again. Amy time а part of a neg- 
ative gets wet, be sure to immerse the entire negative in water im- 
mediately. After it has fully soaked up water, treat it with wetting 
agent and dry as usual. If done without delay, this procedure can 
sometimes save a negative that otherwise may be ruined. 


Chapter 10 
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Tt should be understood by now that visualization may relate to 
realistic interpretations or intentional departures from reality, 
through controls that include negative exposure and related devel- 
opment. It is logical to consider value-control procedure first in 
terms of relatively realistic values, using modifications in processing 
to achieve a balanced negative with good detail throughout from 
subjects that are of higher- or lower-than-normal contrast. 

[t is important to work from a full understanding of the charac- 
teristics of current materials and the standards of "normal" process- 
ing. The advent of thin-emulsion films has brought a number of 
changes in the behavior of films and the appropriate means of pro- 
cessing them. As discussed earlier, for example, the characteristic 
curves of many current films have a very long straight-line region, 
whereas older emulsions began to reach a “shoulder” [where the 
high densities lose separation) by about Value VIII ar IX. The use of 
development contraction with earlier films was of great importance 
in making possible the recording of long-scale subjects without hav- 
ing the high values “block up." The longer straight-line region of 
contemporary films makes this problem less severe, and the films 
have a greater tolerance for higher-than-normal exposure. 

At the same time, the thin-emulsion films are far less controllable 
through development modifications than thick emulsions, espe- 
cially in expansions. Our recent testing has confirmed that the pro- 
cedures of expansion and contraction can be relied on to provide 
control over a range of about two tû three values, but often no mare. 


NORMAL DEVELOPMENT 
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The net effect of these characteristics is that films today may be 
considered somewhat "fail-safe." They will tolerate some overex: 
posure without blocking up [although underexposure is still quite 
critical], and they are more forgiving of carelessness in development 
procedure in mast cases. While these qualities may increase the 
likelihood of achieving a tolerable negative, they also unfortunately 
reduce the films’ responsiveness to precise controls. Thus, where 
formerly we had greater control over the scale of the negative values 
and could usually print on a normal-contrast printing paper, we now 
must often consider the use of papers of higher or lower contrast 
grades as part of our visualization. It remains true, however, that 
securing Optimum contrast with adequate texture on the negative 
will greatly enhance our ahility to achieve the optimum print. 


We must first establish the "normal" before we can depart from it 
in а useful way. Testing procedures given in the Appendix, < or sim- 
ilar methads of determining optimum processing, should be carried 
out and the results applied in practical photography to confirm their 
effectiveness. In general terms, | have found that approximate values 
for normal negative densities are about as follows: 


Diffusion enlarger, density i^ndenser enlarger, density 
above fllmnhasc-plus-fog above flmbase-plus-fag 
Value | O m 0.11 OR н 
Valuc V DAS rn 0.75 (GE qu CL TEE 
Value МІП 1.25 12 1.35 1.15 10 1.25 


As will be seen in Book 3, the use of a diffusion enlarger, which 
I strongly favor, produces somewhat lower contrast than a condenser 
enlarger, and thus the normal negative for a diffusion light source 
requires a longer scale to print normallv on a Grade 2 paper. Since 
many 35mm photographers choose the slightly higher acutance 
given by condenser enlargers, they should standardize on a softer 
negative, as indicated in the second column. 

| must stress that these density values are approximate and relate 
to materials available at this writing. You may have to establish 
somewhat different standards if you find these do not suit your work: 
ing methods. What is important, however, is determining the аррго- 
priate range of densities on the negative so that your normal negative 
can be expected to print satisfactorily an your standard paper in most 
instances. The density values I prefer for diffusion enlargers have a 
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range of about 1.20 [from Value I to Value УШ, which I have found 
to be optimum for printing on Grade 2 paper. However, the Grade 
2 contrast varies among the dilferent manufacturers, and the trend 
in recent years seems to be to favor a shorter exposure scale for the 
so-called normal papers; thus this optimum range must be subject 
te continual review and revision as required. You will also find that 
different values may work best for vou depending on your enlarger, 
printing procedures [including standard paper|, and personal tastes. 

| urge you to establish through trials your standards for "normal" 
by means of ncgative-density values, rather than the more empirical 
method of trying to match the negative to à particular paper by sim- 
ply testing to sec if it prints successfully, We are, of course, can: 
cerned with how the negative prints as the ultimate objective of our 
pests, but there is too much variation fram one batch to another of 
papers to use а single printing test to establish the standard. By using 
negative-density standards we eliminate many af the variables of the 
printing procedure, with the understanding, however, that the den- 
sity standards may be altered if we find they consistently require an 
adjustment in printing over à period of time. 

I realize that most photographers do not own a densitometer, but 
it is well worth the effort to find a means of reading negative den- 
sities. It is usually possible ta have a commercial lab read your neg- 
atives for a small fee. You can also find some relatively inexpensive 
densitometers on the market if you decide to invest in ane, and you 
may be able to find one secondhand. You can also secure fairly ac- 
curate densiey measurements using a calibrated negative step tablet 
[available from Eastman Kodak]. Cut a mask that shows one step at 
a time of the tablet and a similar small area of the negative you are 
reading. Make the comparison visually in subdued room light on à 
uniform-luminance light box. If you have a spot meter, you may be 
able to read negative densities in this manner with it; each one-third 
atop exposure interval on the meter will correspond to a density 
increment of 0, 10. With this method, the negative density area must 
be larger than for a conventional densitometer (at least a one-half 
inch square| so the meter will not have to be held uncomfortably 
close for readings. 


EXPANSION AND CONTRACTION 


Expansion and contraction are important elements of visualization. 
When we observe a subject before us and visualize the values of the 
print, we consider first the shadow values and let the important high 
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values "fall." Li we find, however, that we have a long scale subject 
with am inportant high value that falls on Zone IX, and we wish tt 
to be a Value VIT, a one-zone contraction [N = 11 is indicated, [E ou 
high value falls tao low on the scale, Zone VII for example, and we 
wish it to be a Value УШ in the final print, N+ 1 is needed 

Hence the purpose of expansion and contraction is to alter the 
density value scale of a negative that has been exposed t à higher 
ar lower luminance range than normal 


The objective is to secure à 
negative that will print on à ' 
mum of printing controls (developer modification, print exposure: 
development ratio change, local controls, and so anl 

In repeat: we use exposure to control the low values on the neg- 
arie making à test lor ettecrive Alin speed that pr duces а density 
of 0.10 above filmbase-plus-fog for a Zone I exposure; we then apply 
development control bo achieve the appropriate high-value densities, 
І have found that 1.30 above fb-f is a useful standard for Value УШ, 
tor ditfusion-tvpe enlargers. The optimum range ob densities for û 
full-scale negative, from Value I to Value WIN, is thus 1.30 minus 
0.10, or 1.20, This is the density range 1 expect for а negative exposed 
to Zones | to VIII and normally devel sped, and it relates to 8 Cypr al 
Grade 2 printing paper 

For à one-zone expansion, we determine the development time 
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shorter in scale. N+ 1 development will yield this 1.30 density range 
far a negative exposed to Zones | to VII, instead of I to МШ. Similarly, 
M-listhe development time that yields a 1.20 density range for a 
negative exposed to Zones I to IX. 

I have used Value УШ as a standard for high-value density specif- 
ically because of its importance as the lightest area in a full-scale 
image that retains some texture. Contemporary materials have a 
quite long useful range of density values. Once we can control the 
densities at Zone I, Il, and Ш (through exposure} and Zones VII, УШ, 
and IX [through exposure and development), we can be quite confi- 
dent that the intermediate values will be readily printable, with de- 
tail and “information” throughout the negative. Higher values than 
VIII dû exist on the negative and the print, however, and particularly 
with the current long-straight-line films, we may have separation up 
to Value XII or higher on the negative. 

In practice it is not always feasible to expand or contract the neg. 
ative scale to achieve exactly the desired density range, particularly 
when using roll films or with very flat or very high contrast subjects. 
We thus include the use of various paper grades and other printing 
controls in our procedures for contrast control, and we should con- 
sider these at the time we are originally visualizing the image, 

Remember that increasing development usually moves the toe of 
the film to the left on the log Exposure scale, “ indicating that sorme 
what less exposure is required to reach threshold than with normal 
development. It is often possible to place the low values about one- 
half zone lower than normal, especially if you attempt expansion 
beyond N + 1, With reduced development the threshold moves to the 
right on the characteristic curve, and you should allow one-half to 
one stop more exposure if IN 2 development is planned. Such an 
exposure increase will also have some effect on the high values, and 
experience is required to judge the right adjustment. 


Local Contrast 


It should be clear from the sample curves ? that a one-zone expan- 
sion or contraction at a high value does not produce а full one-zone 
change lower on the scale. Using N+] development to raise a Zone 
VII exposure toa density Value VIII does not necessarily raise a Zone 
V exposure hy a full zone. There are times when we wish to apply 
expansion and contraction because of their effect on middle valucs 
[Values IV, V, and VI], either because no important high value area 
appears in the image, or because we wish to alter the local contrast 
within a middle-value area. © 
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If control of the middle and upper-middle values is of great im- 
portance in your work (as it might be in portraiture, for example), 
you can use the density standards for Value V [0.70 nee density for 
diffusion enlarger) or Value VI [0.90] tà determine the development 
time required for a full one-zone expansion or contraction in this 
central region. [You may also be able to estimate these times with 
sufficient accuracy if you conduct careful tests at the Zone VIII stan- 
dard density.) A one-zone expansion or contraction in this central 
region of the curve will, of course, have an effect greater than one 
zone at higher densities, and it is therefore to be expected that you 
might have difficulty controlling any high values that might be pres- 
ent. You must make your decision in such cases based on the relative 
importance of high values if they exist in the subject. 

For example, a subject of four-zone luminance scale (1:8) can be 
exposed on Zones Ill to VI, and N +1 development may be used to 
produce density values that will print as III to VIL Not only is the 
high value raised by one zone ûr density value, but we will find that 
the lacal contrast range within each zone is also expanded. Similarly 
we can apply M — 1 to reduce the negative density values of Zone VII 
and Vl exposures to Values VI and V, a procedure that can be effective 
in portraiture, IM — 2 development is rarely required for local-contrast 
effect in the middle values, but it can he very rewarding for control 
of high values. 


Contemporary Films 


Nearly all current thin-emulsion films will permit expansion to 
N+) without difficulty, and a few permit N #3, Kodak's thick- 
emulsion Super XX sheet film is one of the few that permit IN +3 or 
higher, although this film has considerable graininess which is ex- 
aggerated by extended development. Kodak has also recently intra- 
duced a film called Technical Pan |formerly 50-115, now Type 2415]. 
Use of this film might he considered when a high degree of expansion 
is desired, since with normal development it has extremely high 
contrast. ^ Although we have not tested the film extensively, the 
data indicates that it should give about the equivalent of IN +4 with 
standard processing. With a safter-warking formula |Kodak recom- 
mends the so-called POTA developer “| it can give extremely fine 
rained negatives of about normal contrast. With testing it thus 
might prove useful for subjects requiring normal through М +4 or 
N+5 processing. 

With most current films, expansion can generally he expected to 
increase graininess, This fact effectively limits expansion with most 
roll films to about N + 1, since these negatives are normally enlarged 
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considerably. In cases where more expansion is desired with a stan- 
dard film, you should consider combining increased development 
with intensification, ? as well as the use of higher-contrast printing 
papers. 

A substantial increase in development is required with current 
films to reach an effective N+ L Most films seem to need about 50 
percent or greater development increase for а one-zone expansion. 
One of the factors chat limits expansion beyond this point is that 
the low values begin to build up density with further development 
increases, thus raising the entire characteristic curve. When this 
occurs the high values may show a further density increase, but the 
range of densities shows little further expansion. This is one area 
where a densitometer or other means for reading densities accurately 
is important; a negative given greatly expanded development may 
appear visually to have higher contrast, but the filmbase-plus-fog 
density must be subtracted to determine the range of met densities. 

Reducing development to IN — 1 is quite practical with most curt- 
rent emulsions, and N = 2 is workable with many. At N = 3 and less, 
the loss of local contrast in low-density values often becomes a prob- 
lem, and a process that provides compensating effect may be pref 
erable. Developing times shorter than about five minutes are 
difficult to control precisely, and if less development time is indi- 
cated for contraction | suggest using a higher developer dilution and 
correspondingly longer time for equivalent effect. Reduced devel- 
opment time also requires great care in agitation to avoid streaking 
and uneven development. 


HIGHLY DILUTE DEVELOPERS 


See page 187 


A developer of the compensating or semi-compensating type has 
higher activity in the low-density values than in the high values. * 
It thus provides for full development and separation within the 
"shadows" without producing excessive density in high values. Al: 
though some developers are designed for compensating effect, 1 have 
found the use of highly dilute HC-110 quite satisfactory as a come 
pensating formula. (Highly oxidizing developers such as pyro are not 
recommended for high-dilution development because of the probable 
staining effect.) 

In general à highly dilute developer will behave like the same 
developer at normal strength if the time is extended sufficiently, 
provided that the normal amount of stock developer is present in 
the dilute solution and agitation is normal. But if agitation is less 
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frequent and the film is allowed to “stand” in contact with the highly 
dilute solution, a certain amount of compensating effect may occur. 
You may understand this effect if you think of the "interface" where 
the developer is in contact with the emulsion. In areas representing 
high exposure where there 15 a large amount of silver to be reduced, 
the developer quickly exhausts itself. In areas that received less ex- 
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We normally offset this effect by agitating frequently to replace the 
exhausted developer throughout the emulsion with fresh solution, 
but lessening the agitation achieves compensating development. 

This procedure can be used when very soft development is desired, 
and when shadow areas are important and require extra luminosity. 
In such cases we should place the shadow values about one zone 
higher than normal; compensating development will then ensure 
that they develop fully without creating excessive high-value den- 
sity. Dur tests indicated that HC-110 diluted 1:30 from stock solu- 
tion makes an effective compensating formula. Developing times 
[ас 68°F) will be around 18 to 20 minutes, and the agitation intervals 
must be reduced to about 15 seconds every 3 or 4 minutes. You 
should pre-soak the film in water for at least 30 seconds before dt- 
veloping, and agitate constantly during the first minute in the de- 
veloper, When used with sheet films, it may be best to develop a 
single sheet at one time. If more than one sheet must be processed, 
he sure to separate them in different areas of the tray so they do not 
overlap during the long periods between agitations, and they must 
not float on the surface of the developer. 

To hold ane to four 4 x 5 films in a horizontal position, we have 
found that а film developing holder designed for nitrogen-hurst tank 
agitation can be used in а conventional 11 x 14 tray. The holder will 
keep the films separated and flat, well under the surface of the so 
lutions. It should not, however, be used for ordinary vertical agita- 
tion in a conventional tank. The holders, made by PPI and sold by 
Calumet, are also made for 5 x 7 and 8 x 10 Alms, 

With roll films developed in a tank, let the tank rest alternately 
upright and inverted between agitations. Be sure the tank does not 
leak; use a wide rubber band around the seam between tank and 
cover and another one to hold on the small cap, or open the tank and 
invert the film reels. 

Dur tests with this procedure are preliminary, but it definitely 
merits consideration for compensating effect. Establishing the right 
time of agitation and intervals between agitation is of great impor- 
tance, and you should experiment to find the minimum total agi- 
tation that produces uniform negatives without streaks or mottle. 

Remember also that a definite amount of developer energy is re- 
quired for û given film area. You must therefore be sure that the 
highly diluted solution contains the quantity of developer stock so- 
lution used for normal development based on the number of rolls or 
square inches of sheet film. Thus the total volume of liquid used 
will be considerably larger with the diluted formula than for normal 
processing, and you will have to use larger vessels than usual, or 
fewer loaded reels in a given roll-film tank. 
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WATER-BATH AND TWO-SOLUTION DEVELOPMENT 
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These are time-tested procedures for reducing overall contrast while 
supporting shadow densities in a manner similar to the dilute de- 
veloper method, The principle is to allow developer to soak into the 
emulsion and then transter the negative to a bath of water or mild 
alkali where ic is allowed to rest without agitation. The developer 
within the high-value areas of the negative quickly becomes ex- 
hauseed while the developer continues to work in the lower values. 
[his cycle can be repeated one or more times as needed to secure the 
desired density range. Remember to expose about one zone higher 
than normal 

Both processes were of great clfectiveness with thick-emulsioan 
Alms, but water-bath development does not appear to be as effective 
with thin emulsions, probably because they cannot absorb much 
developer solution. The rwo-solution process, however, docs appear 
to have compensating effect with current films. In particular our 
tests of Tri-X sheet film developed in D-23, with a second bath made 
up of a 1 percent Kodalk solution, have shown compensating effect 
The procedure is to immense the negative in D-23 for 2 ta 3 minutes 
with constant agitation, followed by à soaking in the Kodak solution 
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tor at least 3 minutes without agitation, The time the Alm is in this 
alkaline bath is not critical, since development stops when the car- 
ried-over developer solution is exhausted. The resule is а very sofi 
negative with fully developed shadows, the filmbase-plus-fog level 
also goes up with this procedure, but this is simply “printed 
through" to achieve the desired black values in the print 
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There are some yariations on the procedure that might prove 
usėlul: 


1. Immerse the flm in D-23 for 30 seconds to | minute, followed 
by | to 3 minutes in the alkali solution. The film is then rinsed 
thoroughly in a weak acid step hath solution followed by a thorough 
rinse in water, It can then be returned to the developer for a second 
cycle. Repeated cycles without the acid stop bath following the alkali 
causes the alkali to be carried back into the developer and increases 
its activity, reducing the advantages of the two-solution process. 
With relatively short times in the developer, the process might con- 
tinue through three to five cycles, as needed. The results should be 
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a negative that is more fully developed than with the single cycle, 
and therefore with additional compensating effect. I roll film ona 
reel is developed in this way, | advise inverting the roll before each 
soaking in alkali to minimize any "settling" effect while it stands 
in the second bath, 


2. The film can be given the equivalent of N — 1 or IN —2 devel- 
opment, and then allowed to stand in the alkali hath for several 
minutes to reinforce the shadow densities. The negative can be ex- 
pected to have nearly normal density range, but with some reinforce- 
ment of development in the shadows. 
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SPECIAL-PURPOSE DEVELOPERS 


Ste Appezslix 3, page 255 


In my opinion the proprietary developers available today more than 
satisfy the requirements of general photography. However, there are 
afew developing agents and formulas that have special characteris- 
tics and may be helpful in some situations. 


Pyro (pyrogallic acid) 


Pyro, one of the oldest of developing agents, has а "tanning" effect 
on the emulsion, especially with thick-emulsion films. It hardens 
the emulsian during development and thus reduces the lateral mi- 
gration af silver, creating a high degree of acutance. It also has a 
staining action which is proportionate tû the amount of silver ге» 
duced, The degree of staining depends on the amount of alkali and 
preservative used, how much oxidation has occurred before devel- 
opment begins, and the temperature and time of development. The 
stain is superimposed on the image silver, since it is yellow, it ab- 
sorhs the blue light component of the enlarger illumination during 
printing and thus acts like added density. Thus à pyro negative that 
may appear quite flat to the eye may print with unexpected contrast. 

Edward Weston used the ABC Pyro formula ~ with about one-third 
less carbonate (the alkali) in solution C. He gave long development 
times, and since pyro acts somewhat as a desensitizing agent, he 
could inspect his negatives with a faint green satelight near the end 
nf the development time. I da nat recommend this procedure with 
the faster modern films, however, because of the difficulty of judging 
densities accurately and the risk of fogging the film. It may be viable 
with an orthochromatic film, where a fairly strong red safelight can 
be used. ABC Pyro isa rather soft-working formula; it can be made 
more active [and more unstable| by increasing the alkali 

Pyro is quite hard to control and not always predictable when 
applying time-temperature development. The amount af image stain 
produced depends on the degree of oxidation of the solution, and the 
oxidation varies with the concentration of pyro, sulfite, and alkali 
in the solution and the time the solution has been exposed to air. 
There are nevertheless photographers who find that the qualities 
offered by pyro development outweigh ita inconsistencies. 

The Kodak D-7 formula is à variation that adds metal to the pyro, 
The effect is ta counteract somewhat the loss of effective speed with 


pyro alone, 
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See Appemik A, page 254 


Н È 


Pyrocatechin (catechol) 


This developer is somewhat similar to pyro in tanning and staining 
action, Used in the compensating formula, © it can give remarkable 
results with extremely high contrast subjects, maintaining separa 
tian throughout the high subject values. Its tanning action seems то 
prevent penetration of the developer into lower layers of the emul- 
sion, thus giving soft development to high densities. It therefore 
permits a certain amount al control with high-contrast subjects, 
with some loss of effective speed, This effect is better realized with 
"thick-emulsian" films than with the newer thin-emulsion films 


Amidol 


Amidol is an agent with high reduction potential, meaning it is 
highly efficient in the amount of silver halide reduced by a given 
amount of the developer. In the past I have recommended the use of 
amidol as a water-bath developer because òf its reducing strength, 
but I have since found its use unpredictable because of the tendency 
to produce uneven stain. lt is now sometimes used for print devel- 
opers, although in a comparative test I preferred the quality and print 
color achieved with Dekeol (a metol-hydroquinone developeri, 


Phenidone 


Phenidene is Ilford's name for a developing agent that is sometimes 
used to replace merol in mecol-hydroquinone tormulas, Much 
smaller quantities of Phenidone than metal are required, and there 
is less likelihood of allergic reaction. Phenidone-A is used in the 
POTA developer formula, ~ which is the phenidone equivalent of 
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D-23 and the old Windisch metal compensating formula. Used with 
conventional films this formula can give very soft negatives withour 
a major loss of effective speed. It is also recommended by Kodak for 
achieving normal contrast negatives with its Technical Pan film 
(Type 2415], which otherwise gives very high contrast. Phenidone 
does not dissolve readily in water, so the solution must be mixed at 
about 100°F, then cooled and used immediately. 


INTENSIFICATION AND REDUCTION 


бет Figur 6-3 


Жее репа 2 


Intensification and reduction are valuable for altering the densities 
of a negative after development, They are especially worth consid- 
eration für use with roll film, where development control of individ- 
ual frames is not practical, as well as with sheet films where extra 
contrast control is required. With a film limited in expansion to 
N 4 1, for example, the combination of expansion plus intensifica- 
tion may yield M--X ûf even N +3 in total contrast range. They 
should also be considered tor certain local contrast control effects; 
I used IN-5 for intensification of the foreground in my Moonrise, 
Hernandez, M.M.. ? to increase the density and contrast within that 
severely underexposed area; it did not affect the grain or the color of 
the negative. 


Intensification 


Some formulas for intensifiers are not permanent, and these should 
he avoided, I also do not recommend the bleach-and-redevelop meth- 
ods, since they can be hard to control. 1 have had good results with 
the Kodak IN-5 formula. This is a proportional intensifier, meaning 
it has significant effect in high-density areas with much less effect 
in low densities. It thus produces results similar to expanded 
development. 

[ have also found that the selenium toner often used with prints 
makes an effective negative intensifier, although I still consider this 
procedure somewhat experimental. The selenium appears to act as 
a proportional intensifler, and I would expect the procedure to be 
quite permanent, 

In our tests with selenium we have achieved the equivalent of a 
one-zone density increase at about Values УШ ar IX, with almost no 
density change at Values T or П. ? The procedure was to soak the 
negative thoroughly in water and re-Hx it for several minutes in а 
plain hypo solution. It was then placed in selenium-toner solution 
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See Appendix 3, pag 157 
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diluted 1:2 or 1:3 with Kodak Hypo Clearing Agent for about 5 min- 
utes, followed by plain Hypo Clearing Agent [working strength] and 
washing. One advantage of this process is that there appears to be 
nn increase in grain size, unlike many other intensifiers, making it 
especially useful with roll films. 

With proportional intensifiers like IN-5 and selenium, the degree 
of intensification relates to the density. It is thus worthwhile to plan 
exposure and development accordingly whenever possible. A flat 
negative that has no density above Value VI will probably benefit 
from intensification, but the effect will be greater if the exposure 
and development are increased to produce a Value VII density for the 
same area. Kodak also says its IN-5 formula is more effective and 
faster working with fine-grain films than with coarse-grain films. 

In all cases Т advise you to experiment with intensification by 
making tests using duplicate negatives for comparison, If you have 
an important negative that needs intensification, test the procedure 
first with a discarded negative of the same emulsion 


Reduction 


Reducers are used to remove density from a developed negative. 
There are three general types: 

1. Cutting reducers affect the low values first, and thus are useful 
for clearing negative fog. The effect is to increase the overall contrast 
of the negative. 

2, Proportional reducers subtract density throughout the negative 
with the effect similar to giving slightly less development. 

3, Superproportional reducers affect the higher densities of the 
negative more than low densities, as if much less development had 
been given to the negative, This is a somewhat tricky process, with 
uncertain results. 

Cutting reducers like the Kodak R-4a formula ^ are probably the 
most widely used, and are relatively easy to control. After thorough 
fixing and washing, the negative is placed in the solution [using à 
white tray will make it easier to observe the effect), After a minute 
or во remove the Alm and rinse it well before examining it. Il it is 
returned to rhe reducer solution, examine it every 30 seconds or so 
thereafter. When the desired degree of reduction is achieved, thor- 
oughlv rinse the negative. | then usually give it a few minutes imi- 
mersion in an acid-hardening fixer bath, followed by thorough 
washing. Sometimes a slight scum may be found on the surface after 
reduction; after thorough rinsing, this scum can he removed by care- 
fully using a wad of cotton, followed by further rinsing and washing. 

The proportional reducer (R-4b] is used by first immersing the 
negative in Solution A for 1 to 5 minutes, and then in Solution B for 
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5 minutes. If Further reduction is desired, the process can be repeated, 
I prefer to immerse the reduced negative in an acid fixing bath after 
the final rinse, and then give a good wash. 

The standard procedure for both intensification and reduction 
must include thorough fixing and washing hefore treatment, and in 
sume cases pre-treatment in a separate hardener (like Kodak's SH-1 
formalin formula) is advisable, especially in hot weather. 


Appendix 1 


Film Testing Procedures 


Belore discussing testing procedures | would like to repeat that this material 
jand many of the recommendations throughout this book] represent my 
personal experience and philosophy. I strongly encourage each individual to 
develop his own concepts in photography. The function of this book is partly 
tu help the individual clarify his own approach through improved under- 
standing of the materials and mure Focused methods al personal application, 
My intention in describing my procedures is mor to impose them to rhe 
exclusion of others, but to allow the photographer to learn from my expre- 
rience in whatever ways may be applicable to his personal expressive inten- 
tions. 1 believe it is important that the individual's progress in the medium 
be supported hy a foundation of craft which, once mastered, can be applied 
as appropriate to the photographer's work. 

The teats that follow have been designed to account tor the variables that 
exist in each person's working system — shutter and aperture, meter, lens 
Hare, and procedures of development, We first establish che appropriate film 
speed that ensures the optimum exposure jas determined by the recording 
of the low valuesl, and then test for the degree of development that provides 
the desired high-value density. Once these two extreme values are con- 
trolled the normal scale will be quite predictable, and good quality negatives 
that print readily on "normal" paper should be assured. Subsequent tests 
may then be employed for expansion and contraction of the negative scale. 

In conducting such tests it is important to establish а single system of 
equipment and materials. Choose a film amd developer you use often, and 
he sure to use the same camera, shutter and lens throughout. Your exposure 
meter, lens diaphragm, shutter, and darkroom thermometer must be relia- 
ble — calibrated by a technician if possible. Once this “system” has been 
tested, any variations introduced by a change of equipment [such as the 
possible difference in aperture calibration or flare introduced by changing 
lenses] should be quite apparent if they are significance. For a change of film 
and/or development, of course, new tests must be conducted 
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You must also be exeremelv carctul throughout the test procedures, il you 
allow any variations to occur, such as a change of lighting or inconsistent 
development procedure, it will be impossible to reach any firm conclusions 
from rhe tests. Keep detailed notes throughout, both to be certain that you 
draw the appropriate conclusions and to allow you to check on procedure 
if the results are not as expected. 

The test for film speed requires making a series of exposures, cach o 
which represents a Zone D exposure at à different film speed. Once you 
determine which exposure is actually optimum for Zone L you will know 
the effective speed to use with that Alm. The procedure is the same whether 
"sing roll or sheet film, but with sheet Film you must be certain that you 
can identify each sheet; you may cut ar punch special code notches in the 
edges of the sheets bor this purpose before loading the film holders [vou can 
identity up to 5 sheets by carefully trimming 0, I, 2, 3, ar 4 corners). With 
roll films [especially 35mm] it is possible to combine the film speed and 
development tests on a single roll, as described later, but it is usually best 
to begin by conducting the tests separately until the procedure is familiar 
апа well understood. 

1. Load your cimeri or Alm holders with the Film to be tested, and record 
all details in a notebook: camera, lens, Alim, manufacturer's ASA speed, etc. 

2. Locate a uzilorm-value test subject, such as a sheet of mat board, In 
daylight, a rmiddle-gray surface is grovel for Alma rated at ASA 50 or slower, 
but tor faster films a darker surface will give a better range of apertures and 
shutter speeds in most cases. | suggest conducting the tests in daylight, 
either in open shade on a cloudless day or under à consistent cloud cover, 
The use of tungsten lighting may result in a flm speed up to one-half stop 
different from the daylight Alm speed. [H most of vour photography involves 
the use of tungsten lights, vou may wish t conduct the tests under such 
соп опа. | An alternative i to usc hlue-coated tungsten bulbs to simulate 
daylight. Record the lighting in your notes. 

A. Place the camera on a tripod and position Lt in such a way that the card 
Als all ar most of the frame. The general background should be of middle 
value. Be sure the card is at an angle at which it reflects no glare toward the 
camera, and the camera must mot cast a shadow on the card. Focus che lena 
at infinity, you de mot wish to record any texture on the card, and it is 
important tc avoid exposure variation due to lens extension. 

4. Set the manufacturer's ASA speed on your meter amd make a reading 
trom the card. Be sure то read the luminance from the direction of the cam: 
era, and without allowing the meter to cast a shadow on the card. It you use 
4 spot meter, check that the luminance of the card is precisely the same 
over it entire surface. 

5. Determine Zone | exposure for the luminance value read trom the card 
(ie, place the luminance on Zone T, this is four stops less than, or one 
&ixteenth, the exposure indicated directly from the meter reading of the gray 
card.] From the range of possible Zone E exposure settings that result choose 
a middle-range shutter speed, avoiding the two fastest and the showest speeds 
in your shutter since they are often inaccurate. Then check that the car- 
responding aperture required for Zone | exposure is ane that will allow one 
full stop of adjustment in cither direction so you can make the required 
series of exposures as given below. Ш your meter reading does not allow you 
Lo meet these requirements for aperture and shutrer speed, you will have tt 
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adjust the lighting on the card, choos: a card of different reflectance, or use 
nevitral<dlensity filters. Record in your notes both the luminance reading of 
the card and the aperture/shutter speed chosen for the Zone | exposure. 

hi. Then determine the series af exposures you will make according to the 
table given below. Each exposure will differ by one-third stop, and thus each 
will represent a Zone 1 exposure at a different ASA number. (The ASA and 
other film speed systems are calibrated in thirds of stops, so it is best to 
estimate these settings even if your lens bas detenes at hall stops.) 


Exposure Series for Film Speed Test 


ASA-number {atop shutterspeed 
1. Mi Exposure [to allow you to read Mf density] 


I2 


. Mermalzenelexpesurm — — ___ 
ат їшї" 


ASA number 
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[Î ASA number 
higher) 
4, тилейк stop fexs SS ЕНЕ 
{2 ASA numbers 
higher] 
5. eme amp Jess um Se AA, pn шың 
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higher’ 
6. one-third step amore سے‎ E ب‎ o 
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T. кине epp mone OTE E ——— = 
(2 ASA members 
lower] 
HE pne mop mire ———— 3 ————— 
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The ASA numbers in this table can be filled in from the list below, ТЕ you 
are uncertain about the relationship of exposure and ASA numbers, simply 
set each ASA number of your meter and read the f-stops that fall opposite 
your chosen shutter speed, The first frame or sheet is given no exposure but 
processed normally, to permit reading the Blmbase-plus-fug density. If you 
have a densitometer with a narrow probe, you can measure the fh-f density 
fram the margins of the film, ar from the spaces separating the exposures 
ion a film roll. 

The standard ASA number sequence is as follows: 

12, 16, 20, 25, 32, 40, 50, 64, BÛ, 100, 125, 160, 200, 250, 330, 400, 500, 600, 
HOO, TODO, 1300, LOM erc. 

(The numbers in italics are those that relate to whole f-4tops when using 
the Exposure Formula.“ 
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7. Once you have worked out the sequence of exposures, you may proceed 
toset each one оп the camera and use it to expose a separate sheet or frame 
of Alm, Check the luminance of the test card immediately before making 
tit exposures, and throughout the exposure series. Ш you have unexposed. 
film. an a roll after completing the exposure series, use it dor making plo 
tographs so rhe roll is fully exposed. 

The film should be given normal processing using the manufacturer's 
recommended procedures or your own usual processing methods. Once the 
film is dry, read the density of each sheer or frame, including the unexposed 
one, using a densitometer if possible. ^ Then subtract the filmbase-plus-fug 
density value, and record the met density of cach exposure, | 

The net density value closest to 0.10 represents the desired Zone bexpo 
sure, and the corresponding ASA number is the optimum film speed, I twa 
exposures are about equally close to 0.10 density, choose the higher density 
(lower ASA munther|. IÉ nane of the exposures yields approximately the an- 
ticipated 0.10 density, check all procedures and your exposure calculations, 
and then look for an equipment problem like a malfunctioning shutter, 
incorrectly calibrated apertures, or faulty meter, and repeat the test. 


Normal Development Test 


Once the optimum film speed has been established you are assured that all 
portions of the negative scale receive appropriate exposure. The density of 
the high values is then controlled by the degree of development. Normal 
development is thus established by making a series of Zone VIL exposures 
and adjusting the development time until the desired density is achieved. 
[In previous books | recommended Zone V as the pivotal reference, in rela- 
tion to earlier films. Iam now advising Zone VII as the reference point for 
the high negativeslensity values, because of the long straight-line charac: 
teristic of modern emulsions, Zone V is a reference value lor the “local 
contrast" effect. “| 

As stated in the text, TÎ have found that a Zone VIII density of about 1,25 
to 1.35 la optimum with diffusion enlargers, or 1.15 to 1.25 with condenser 
enlargera. The corresponding densities for Zone V exposures are 0.65 to 0.75 
with diffusion enlargers, or 0.60 ro 0.70 with condenser. You may use these 
values for the development test, but you should judiciously adjust them if 
you find that they do not consistently produce the optimum negative scale 
in Your own work, 

To test for normal development, set up the test cand under uniform Ши 
mination as before. You must again be careful to control all test conditions, 
and use the same equipment and materials as in the first test. Read the 
luminance of the cand, and determine the exposure to place the luminance 
on Zone V and then on Zone VIII using the Alm speed established in the 
Arse test [Zone V із the exposure indicated by the meter, and Zone VIII is 
three stops, or Ях, more than the merer-indicated exposure|. Expose about 
three or four sheets at the Zone V exposure and the same number at the 
Zone МШ exposure. With roll flm you may make a single exposure at cach 
setting, and then use the remainder of the roll for other photographs [perhaps 
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experimenting with placements of subject luminanoes), Or your may expose 
an entire roll alternating Zane V and Zone VIII exposures, separating each 
pair hy an unexposed frame, and then cut off one pair at a time to develop 
along with a normally exposed pall. You should include an unexposed sheet 
ar frame, whatever test procedure you follow, to allow you to check that the 
fb-f level is the same as in the first test, 

Develop ane Zone V-Zone VIII pair together, Then subtract the fh-f den- 
sity and compare the results with the values given above. Uf the Zone VIII 
density ia too high, the negatve has received too much development; if it is 
too low, the negative із underdeveloped. Try increasing or decreasing the 
development time by 10-25 percent, and then process another set ol nega- 
tives, The Value V densities are given as a check on the middle range dens- 
ities both at Zone V and Zone УШ exposures, 

lí you use 35mm Alm, you can combine the Blm-speed and normal-de- 
velopment tests on a single roll, once the peocedures are familiar. First make 
an exposure series thar represents Zone | placements at dilfezent ASA 
speeds, as described in the Arse test procedure; then make а series ol Zone 
V and Zone VII exposures over the same range of flm speeds. Cice you 
have determined the optimum Alm speed based on the Zone | density, you 
can measure the Zone V and Zone VIII densities for anly the frames exposed 
at the same speed to determine whether the development is appropriate. 

The ultimate test nf all procedures, of course, is their usetulness in making 
photographs. The first few times you usc a new Alm speed or development 
time, it is worthwhile to measure and record the subject luminances with 
extra care, and inspect the developed negatives to be sure derail is preserved 
in low-value arcas where you expect it. Then make a print without manip 
ulation to sec how the scale of the negative suits your paper and printing 
procedures, With experience you will find that careful inspection of negar 
tives will indicate whether a change in materials or the functioning of equip- 
ment has caused any significant variation in exposure or processing effects, 

I have found that the manufacturer's ASA specds for most films are higher 
than I prefer, and do nor give an adequate Zone I density. li the higher speed 
rating is used, the effective threshold is raised to about Zone II. 


Expansion and Contraction 


The tests forexpanded and contracted development are similar to the normal 
development test, except that the exposure is altered, To Find N+ 1 devel- 
opment, for example, several Zone VII exposures are made at the working 
film speed, and the development time is increased until the normal Zane 
VIII density is achieved. For N+ 2, expose for Zone VI and develop to a Zone 
VIII density." For IN — 1, expose on Zone [X and reduce development from 
the normal time until Zone VII density ts obtained. 

Jt i$ impertarnt iri these bests to consider only net density, or density above 
Filmhase-plus-Fag. Since the fb-f levels will change as the processing time 


"Мом films today do riot expand to a full N +2. The use at the selenium intensifier 
[вее page 2135] may yield an effective N+ when used in conjunction with N+ 1 
processing- 
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changes, you should include unexposed film in each development and mea- 
sure the resulting th-f density for that development time. You thus ensure 
that the range of densities from Zone 1 to Zone VIII in the negative will 
match the characteristics of normal printing paper. 

Most current films seem to require about 40 percent to 60 percent more 
development than normal to reach a true N + 1. Your first attempt toestab- 
lishing N+ development time might therctore be 40 percent langer than 
normal. For N = L, try a reduction of about 30 percent as a starting point. 

Expansion and contraction also affect the local contrast, the recording af 
texture and substance within cach value. ^ There are times when N12 
development, for example, is used ro emphasize texture in law and middle 
values rather than to expand the overall scale of the negative. Lf a textured 
suríace is used as the target in the development tests, the Zane V exposure 
сап be printed as а visual check on the effect of expansion and contraction 
on local contrast. 
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Film Test Data 


Because of the substantial changes in photographic emulsions that have 
occurred since my earlier technical books appeared, 1 felt it was necessary 
to conduct thorough film tests in preparing this revision, My photographic 
assistant, [oho Sexton, has conducted thorough and careful tests under my 
supervision, and the results are summarized below, | must emphasize, how- 
ever, that all results shown here represent materials available at this writing, 
and processed according to my own procedures. Variations are inevitable, 
and Î urge vou to wee this information only as a starting point bor resting 
and monitoring your own procedures, 


All films were developed ат 64°F. Roll Alms were processed in Nikor-rype 
stainless steel tanks on stainless steel reels, with agitation for 5 seconds 
every АП seconds. Sheet films were tray processed with continuous agitation 
jone cycle through the stack every 30 seconds]. The exposure index listings 
were arrived at through the use of the Exposure Formula, with the merer 
"K factor" eliminated. The development times are calculated to print on a 
diffusion-seurce enlarger. The negatives should have a density range of аре 
proximately 1.20 (from Value I to VIII tar normal development, Value I to 
VII bor IN 1 development, кс.) lia condenser-source enlarger is used for 
printing, the times should be reduced hy about 20 percent 
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DEVELOPING TIMES WITH KODAK HC-1I0 DEVELOPER 


1:7 DILUTION 1:15 DILUTION 
Jann Ej N-I NORM NI N= NORM 
[liard Рап F 20 — = 44 5 7 
Keklak anatomic X i — = 5 5,15 7,78 
Kodak llus X “4 — — Е 45 iu" 
Шоюн Fi- au — 4,78 i 7 10.74 
Kodak Tri X Ню A25 BJA 9 = = 
Шані HT-5 160 4.74 fh 4S = =. 
Tat) 
Kodak Paravomnic X RI — — a в нз 
Kodak Plus X Prof. 44 — 4,5 H 7 ДЕ 
thinnd FPH &3 — 5 T5 T 11 
Kolik Verichrime Pan ENÎ — — 45 5.15 H 
kulak Tri X frod, ac) — 5.5 a5 Š -— 
Ahwer 
Kalak Ploe X 4 — 525 735 Ё 12 
Шен FI3 ы — fi 9 [п m 
Radak Super XX lub — 5.5 AS = a 
Kodak Tri X Тер — 4.25 BS fs u 


Endak Tri-X Professional 4x 5 Sheer 


The “Barly” ul curves los Tri-X 
Bert Hilti ienis alie etiecr id vasicers 
drgrecx of expansiun and contraction. 
Nee thar the toe arca drogs same- 
whar wizh  - T dewelopmens, bur mot 
enmig to require additional exposure 
The development times were those 
нель lm tse cable, for N 3 the 
develepimens was И minutes im 
HC-112 dilution B [1:7]. 


Kodak Fan wiii Senne Film 


The normal and IN 1 developmen 
cures ape bawn As discussed in the 
jest браде 931, 1 recommend using 
Bi- Гог roll (ima where gabects of 
Berem compras are recorded on a 


single rod]. 


zt 
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Resbak Super XX 4x 5 Short Film 


The rwa curves represent Kodak 
Soper XX Em, onse of the last of the 
thack-tmulsscn films, given normal 
development and ical development 
£25 minutes in ВС 10 dilution A. or 
1:3 from snack), Noir that the in- 
creased develapmenr moves she cog wm 
the left, and immluces a shoulder, 
whale still prodiecing a great increase 
in comirasz and density range. Micet 
durent films would probably oot yield 
suh high contrast, simply because 
the low-valee densities tend to rise 
along with the higher densunes at 
greatly expanded dereloprment times. 


Effect al Tae Sobutian Development 


Төлеш шп development provides à 
sanidicant medeccion in high-value 
demaicties with rninamal effect in the 
leve-value dereiries. The Herr com ће 
seen br comparing the rweesoluriun 
cure shown here with the ЇЧ = 1 
curve [page 915, where a greater drop. 
im density in the bow values can he 
observed. One-half to nne zone pare 
expasure should he given ti support 
the law ала Ганев when twv-solurion de- 
vilopenena is planned. The Film was 
Kodak Tri-X Professional Û = 5 Film 
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viti 
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Bins of Highly Dilubg Сее оараг 


The compensating elier ui highly di- 
lute developer cám be seen in the 
curves for lined Fea 1560 flm. The 
lowe carer represents development 
few 15 miputes at AFT im HTIN dii 
tuted 1-10 Emm siock, the result is 
шін equal tn IN — 4 in densiry range, 
But atibaia the [оза im the shadows 
that would result from reaching ЇЧ —4 
By node nd developmenr rime alone. [1 
га гизи а А prve extera 
Epen bo support the shale. Age 
tarinn misst be тшй bert pos on the 
ршн hicie шизлгп ileseliprment 
resulta. 


Eirc of Farmers Reducer RAA] 


This rest wat amaze En with Kodak 
Tr-X Professional 4x 5 Ш what bead 
been given mamal developmen im 
HC-110. The por packaged Kodak 
Farmer's Reducer was med, Asa "cus 
tmn reducer rt bas seberancial effect 
un the lower values, as well as im the 
high values. Ii thes produced only a 
Flaite miner change m the overall 
dupe єй the curve; mrt clears che ing 
às dE reduces linw denesters, Kodak ma- 
iment jt dar онери or fogged 
mezatives ELS was esed tn simulate 
menie 
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Effect of Selenium Toner dag 
тшеп Нап 


kalak Plus-X Professional 4005 shees 
flim was weed. The selenium omer &ü 
lution was dilui L3 woth Kodak 
Нүра Clearing Agent. amd the nega 
irve beate for 5 minutes ai HF. The 
increase in contrast indicated by shia 
pair ul carees is very similar ro ЇЧ + | 
developmen, since the density range 
from one | to VIL on the toned nega: 
tive is the summe as the range from 
fone | ġo VIE] m the untoned mega 
tive. | would expect the use of the 
152-5 bensalla ti have similar effect, 
bust the selenium process is far simpler 
I usc. 


с od Chromium Intensifier [E-i] 


Kislak teconemomds ther wee of the prre 
hardener &-1 before wee cd this m- 
rene lier. Sance this bs a bles h-and- 
Pilip process, p та not qeeesihle t 
тиштїї ite elec: Emily, al 
thiugh repeated treatment in IT2-4 Ба 
розні. 1 stromal Laur eher I-53 cn 
selenite iraient imer this pre 
dure, shee De are toe сй 

visse ed 
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Kolaik Techical Pan (Type 2415) 
4 x 5sheet film 


This із an exzremelr fine man and 
high contrast film oben used dor copy 
arl scienzific work, The very steep 
curve vs typical of iha ims response, 
arl weal be cguivaleng bo more than 
N34 dereluprent «ith a conven 
teal Filii ІН ғаз рліше using НС» 
LIP 1:7. imn stick, Ваг [O iniia at 
REF. The liner curer трите an 
artem ie reseh à normal range cé 
values by developing in the POTA de- 
velnper [ser puge 254! few fi maines 
ar ATF. The resula is excremely Gne 
gain with an exposure index of about 
16, possibly a useful yaam where 
high znagnificaticn with very high res 
tution are required. This film mighz 
thus be верш when nurmal eo 
gvatly expanded development is 
тушат. 


liod KP-1 Chromogeni Film 


We bested a prototype Amm rull o£ 
this film, which uses dyes rather than 
silver en dorm a Black-and-whise rm- 
gee. The curve represemtas the mamu 
Éacrurer s menmrmenaded Фатир, 
which gives alighily liwer | 
than aur жапаа lue normal cesstzan 
wii eonvensinal Alas We find ibe 
exposure index in be Lal) jcomparalste 
te Т-К], wich very flee grain and ap 
parently high acuranmce- Because the 
negative has considerable coloration 
Irem the dyes, prinring wich а "cold 
lehi? enlarger produces very long 
printing times amd higher comitas 
Њып ih use nf a tumesten enlarger 
Falh. My primary concern ir asing 
sich à film ts the stability of the dyes 
compared with thet of a silver image 


im à cnnvertional negative 
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Chemical Formulas 


The majority of photographic formulas used today are made fram prepared 
chemicals, which are very convenient and of high purity. These solutions 
must be mixed as directed, be especially careful to observe the temperature 
requirements. Developer formulas frequently must he mixed in warm water 
ta dissolve effectively, hut water that is too hot will produce immediate 
discoloration of the solution. This is a sign of oxidation indicating some loss 
of strength of the developer which, of course, reduces its effectiveness. It is 
thus important to have a reliahle thermometer, and to measure temperature 
accurately, Îr 19 шау best te start with about three-fourths cl the total 
final volume of water at the prescribed bemperatiure, and then slowly раш 
the prepared chemical into it, stirring vigorously and not allowing concen- 
erations of the chemicals to gather at the bottom of the tank, When the 
chemicals are shoroughly mixed, cold water can be added to bring the sao- 
lution to room temperature [keep stirring while adding the cold water]. 

Once mixed, а developer solution begins to deteriorate. At frat, depending 
an the character of the developer, the rate of deterioration lê slow and the 
eHects inennsequential. Bur as the developer components oxidize in the 
water solution, the effective strength diminishes. Kodak gives tables relating 
to the “lite” of various solutions; while helpful, these cannot anticipate the 
effects of water impurities, areas of the solution exposed bo air, or deviations 
from the recommended mixing temperatures, etc, 

Since exposure to air is a majar cause of developer deterioration, it ia hest 
no store the stack solutions in small, tightly stoppered нез, each filled 
to Ше top; the unused portion of the solution thas remains sealed and pro- 
tected from exposure to air. Other solutions such as xing bath may be kept 
in larger bottles or in tanks with floating lids, which also provide some 
protection from exposure to the air. Once a developer has been diluted to 
working strength, it is not advisable to keep it longer than the time of its 
actual use, 


FORMULAS 
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When mixing a special developer from the component chemicals, such as 
the formulas given below, be sure to follow any special recommendations 
given with the formula. The general rules to observe are mix the chemicals 
in the order given in the formula, at the presenibed temperature, and be sure 
cach chemical is completely dissolved before adding the next. In most cases, 
distilled water is best for mixing developer formulas, unless you are confi- 
dent of the water purity in your area, Be sure to store ûl] chemicals in a cool 
place; open bottles of dry chemicals must also be sealed and protected iror 
moisture, Chemicals, whether dry or in а solution, should be stored in brown 
glass bottles or in the opaque plastic containers which are impermeable to 
oxygen. All mixing and storage vessels must be very clean, and should be 
carefully rinsed or washed after each use 


Developers 


D-23 J genri 1 liter 
water LT25*F, of AAC] 24 az 730 cc 
Elise (mem 14 az 7.5 grams 
Sodium salile, dlessic. Зат. 145 gr. LOC grams 
cold water ro make Al ат. | later 

D-25 
water [IETF ar 52*C] 24 az. 75Ü ee 
Elim (metall 1/4 ag. 7,5 grams 
Sodium sulfite, феа, duz 5 gr | OEC grams 
Sodium bisulfize iaz 15 grams 
cold water Eis mabe Al az. | licer 

0-7 
water [L25"F ar 52*C| 24 az. TA cc 
Elon (спева 29 pains 2.0 grams 
Sodium залі о, dessic. daz 145 gr ПОЮ races 
Hydraquinone Tå rains 5 gramme 
Thorax (decabisibrare] 25 gratis 2.0 тїн 
cold water ti make Заг. | liter 


D-7B is a standard developer, although nat one I use often in my own work. 
Those photographers who use it generally prefer to huy the pre-mixed dry 
chemicals available from Eastman Kodak. 


HC-11ü 
Н-110 is sald by Eastman Kodak as a syrupy liquid concentrate. The 
concentrate is diluted with water to make à stock solution, and this is 
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further diluted to make working solertinns. The stock solution is prepared 
by mixing the L6-ounce container of HC-110 with distilled water [preferably] 
to make one-half gallon of the solution. Start with 32 ounces of water, add 
the concentrate, and then add water to make one-half gallon [64 ounces, 
It is possible ta mix working solutions directly from the concentrate, but 
this is not usually practical for small quantities because of the difficulty of 
measuring the concentrate with sufficient accuracy, The most frequently 
used dilutions are Dilution A, which is 1 part af stack solution mixed with 
à parts of water, and Dilution B, 1 part stock solution with 7 parts water. 
For minus development | mix the stock solution 1:15 with water, and for 
compensating elect | dilute the stock soliton 1:31 ûr weaker. 


POTA developer 
Sodium sulfite 30 ora ere 
LP henyl-d-pryrazidlidone 1.5 grams 


|[Hord Phenidane-A, 
or Kodak HO-447 


water te make | later 


Dissolve the chemicals in water at about 100°F, then cool to working tem- 
perature and use immediately, since the solution deteriorates rapidly after 
mixing. Distilled water is recommended, 

This formula is useful te achieve normal contrast with the recently in- 
troduced Kodak Technical Pan Film |2415], which tends to have a very high 
gamma |contrast) with standard developers. 11 may also be useful with other 
films when very low contrast development is desired, Development time 


should be about 6*5 minutes for sheet film, and 114 minutes for 35mm 
film at AEF. 


Two-Solution Development 
The most effective two-solution formula I have found consists of D-23 for 
Solution A [developeri and, for Solution B (alkali hath), a 1 percent solution 
eb Kodak Balanced Alkali (Кеа, ûr 10 grams per liter. | have not eon- 
ducted exhaustive tests with current Alma, hut our preliminary data indicate 
that two-selution development can be effective for supporting shadow wal- 
ues while reducing high-value densities, ® | include the method here for 
those who wish to experiment with it. It is important to expose the bow 
values about one zone higher than normal if this procedure is to be used, 
The negative is immersed in Solution A for 3 to 7 minutes, followed by 
à 3-minute bath in Solution B, without agitation. In the past, if the film 
tended to fog, | have added small amounts of a 10 percent potassium bromide 
solution to the second solution. The strength of the high densities will be 
controlled primarily by the time the negative is developed in Solution A; 
during the immersion in the alkali solution, the developer is soon exhausted 
in the high densities while its activity continues in lower values. The Kodalk 
solution can be made stronger — up to about а 10 percent solution, or 100 
grams per liter — and its activity will increase, but with the possibility af 
increased grain. | advise careful testing Берге using this process, 
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Pyrocatechin Compensating Formula 


Soliton A 
water (distilled) 100 ce 
Sodium sulfite, desaic. 1.25 grams 
Pyrocatechin НП grams 
Solution B 
Sodium hydroxide 1.0 gram 
cold water to make 100 ex 


Mix these two solutions in the following proportions immediately before 
Lise: 

20 parts at A 

50 paris uf B 

S300 parts vd water 


This developer ls primarily useful to retain deAnition in negative areas 
above Zone X (very high placements). The emulsion speed is reduced about 
50 percent in lower parts of the scale. It produces а stain which increascs 
the printing contrast, so do not attempt to evaluate negative densities with- 
aut printing. Development rines should be around 10 to 15 minutes at 68°F, 
although | have mot tested this solution with current films. The developer 
is used ance after mixing and then discarded. 


ABC Pyro Formula 


Stock Salvation A 


инша. bisulphite Lèt grains 3.8 granis 

Pyro (Fa gal loll 2 uz. êl grams 

ролш bromide Г gr. 1.1 grams 

water m make AZ ат. INÎ сс 
Spock Solution H 

Warer A az. IX) cc 

Sodium salphite, Jossie. ДІА az. HS grams 
Shock арыс C 

Water Ad аш. ИИЙ ec 

soli carbonate, monalyd. 215 az W grame 


Developer must be mixed fresh immediately before use, The normal pro- 
portions for tray development are 1 part cach of solutions A, B, and C, with 
7 parts of water. Development times should be about 6 minutes at 65°F 
[18°C]. One gallon ean be mixed for tank development by taking 9 ounces 
cach o4 A, B, and C, and adding water to make one gallon. Development 
should be about 12. minutes at 65°F (LEC) To minimize oxidation effects 
I mix Solutions B, C, and the water, and then add Solution A immediately 
before use, 
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Stop Bath 
Acetic acid [185] а oz 45 oc 
water t make 31 аё. 1 liter 


Glacial acetic acid may be diluted to 28 percent by mixing 3 parts of glacial 
acetic acid with B parts of water. Glacial acetic acid is very irritating, protect 


hands and eves from liquid and fumes. 

Fixing Baths 

Kodak F-5 [acid hardening fixer) 
Water |125"f от 52°C) 20 az. AND cc 
Sodium thiosulfate [hypo] B oz. 140 grams 
Sodium sulfite, dessic, 1/2 oz. 15 grams 
Acetic acid [2355] 1 1/2 f. oz. 48 cc 
Borie acid, crystals 1/4 oz. 7.5 prima 
Potassium alum 172 oz, 15 grams 
cold water to make 32 uz. 1 liter 

Kodak E-à 


The F-5 formula above has an odor that can be objectionable. Î prefer Ё-& 
which is an odorless formula made by eliminating the boric acid from the 
F-5 fixer and substituting 1/2 az. per quart, or 15 grams per liter, of Kodalk. 

With both formulas be sure to mix in the order given. The temperature 
will drop rapidly as the hypo is mixed in the warm water. li the acid is added 
before the sulfite is completely dissolved in the hypo solution, the latter 
will be irrevocably precipitated. 


Intensifiers 
Kodak IN-5 
Stock Soleo No. Î |store in Baum bogie} 
Salwer nitrate, crystals 2 uz. A) grams 
[месе water tis make АЗ az. 1 liter 
Steck Solin Na, 2 
Sodium sulfite, desaic. 2 A) grams 
water to make 32 I Liter 
Steck Souci Na. 3 
Siam Пози ае (уре à 1/2 az. 1019 grams. 
water to make A3. nz. i Lisez 
‘tock Soliton Mo. d frome in brow bottle) 
ниг aulfite, dessic 1/2 oz, 15 prams 
Elon (retell A50 grains 24 grams 
water ti make 96 az. 3 liters 


Prepare the intensifier solution for use as follows: Slowly add | part of 
solution Ma. 2 to 1 part of solution No, 1, shaking or stirring to obtain 


See [grs 135-117 
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thorough mixing. The white precipitare which appears is then dissolved by 
the addition of | part of solution Mo, 3, Allow the resulting solution to stand 
afew minutes until clear. Then add, with stirring, 3 parts of solution Nû. 
4. The intensifier is then ready for use, and the film should be treated im- 
mediately. The degree of intensification obtained depends upon the time ol 
treatment, which should not exceed 25 minutes. After intensification im- 
merse the film for 3 minutes in a plain 30 percent hypo solution (10 oz. hypo 
per quart af solution, tt MD grima per liter). Then wash thircughlly. Once 
mixed, the intensifier solution is stable for about 30 minutes at SEF (2090). 

Stains are sometimes prluced during intensification unless che following 
precautions are observed: 1. The negative should be fixed and washed thor- 
oughly before treatment, and must be free of scum or stain, 2. The negative 
should be hardened in the SH-1 hardener solution before intensification. 3. 
Only one negative should be treated at a time, and it should be agirated 
continuously during treatment. 


Selenium Intensifier 


I have had very good success using selenium toner for intensifying nega- 
tives. ^ To use, the toner is diluted 1:2 with Kodak Hypo Clearing solution 
and the negative is immersed for 5 to 10 minutes with constant agitation. 
At dilutions of 1-100 to 1:200, selenium toner may be used to enhance the 
permanence of negatives; however, this procedure should be tested with 
the film you are using since, with a few special-purpose films, it has oc 
casionally caused discoloration, 


Reducers 


Kodak R-4a (Farmer's Reducer) 


Sock Solution A 


Pisasssum femcyanide janhyd.) 37.5 prams 
waber to make 1/2 liter 
Steck olindan B 
Sodium thicsuldare [hypo] 480) grams 
ipeniahydraredi 
water t make 1 liters 


This is the single-hath Farmer's Reducer formula, which provides "cutting" 
reduction for negatives. “To use, take 30 cc of Solution A, 130 ec of Solution 
B, and water to make 1 liter, Add A to B, add the water, and immediately 
immerse the negative im the solution, The reducing accion must be watched 
closely, and the negative transferred to a water wash before the desired 
effect ia reached. The formula is slower working if the amount of Solution 
A is reduced by ame-half. Kodak sells a premixed Farmer's Reducer, 


Kodak R-4h [Farmer's Reducer, two-hath version) 


Solutian A 
Potassium berricyanide {агу | 7.5 prams 
water to make | Ister 
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жобо B 
Selam vhaesulkate (pentahyd.] DOO grams 
water to make 1 liver 


This ewo-bath version gives proportional reduction. Kodak thus recorm- 
menda this formula te correct for over-develapment, and the single-solution 
formula for overexposure because of its cutting effect. 

The negatives are immersed in Solution A for one to four minutes, with 
constant agitation [ае 65° to ТОЕ, ar 18.5* to 1°C). They arc chen transferred 
to Selution В. for 5 minutes, followed by washing. The process can be re 
peated if required. T advise a final immersion in fixer when the reduction 
has been completed, followed by thorough hypo:clearing and washing. 


Hardener 

With warm temperatures |75"-&Y"F|, a hardening bath is recommended be- 
fore reducing negatives. The following formula has been in use for mure 
than a century. 


Kodak SH-1 Supplementary Hardener: 


Water 500 ce 
Formaldehyde (47% solution) ce 
Sodium carbonate, dessic. & prams 


water п» make 1 liter 
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Filter Spectral 
Characteristics 


Ц we wish to know the specific transmission characteristics of a Alter we 
cin reler bo its spectrophotometric curve, a graph that shows che Alters 
transmission [or density) at cach wavelength. By relating the wavelengths 
to color, ? we can examine the curve and determine the proportion al tr- 
rident light of each color Шак will be rrassmisted by that Alter, Complete 
curves and data can be found in Kodak Filters for Serenritie and Technical 
Use (publication Wo. B3, available trom Eastman Kodak Со]. 

Such curves are often most useful in comparing two Alters. For example, 
the curve for the Wratten #8 filter indicates that it transmits green, yellow, 
and red wavelengths quite readily, with a sharp fall-off in transmission be- 
low 500 nm that indicates absorption of blue wavelengths. The Wratten 
#6 Alter, weaker than the #8, can be seen to transmit eater ameunts of 
blue light- 

Filters that transmit a marrow range of wavelengths with a sharp boundary 
between wavelengths transmitted and those absorbed are referred to as 
"sharp cutting,” or “narrow band," filters. For mast general photography, 
Alters are usual ly "hriad hand," with a more pradiial transition between the 
памера of high absorption and those of high transmission. Ц we are 
choosing a Alter specifically to separate two adjacent colors of the spectrum, 
however, we might need a sharp cutting Alter for the effect desired, 

I you contemplate combining two Alters for special effect, a general idea 
of the toral effect can be seen by overlaying their curves; any area of low 
transmission for either Alter will be absorbed by the combination, and an 
area of high transmission lor both Alters will he freely sransmirted. The 
Kodak filter data book cited above includes information on calculating the 
total transmission and density of combined filters. 

At Brat glance you may find it confusing that nome of the Alters transmit 
more than about 90 percent of the light at any wavelength; how then are 
certain colors rendered lighter in the photograph than when no filter is used? 


Hn, №, light velle 


Tn. 8, yellow 
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With a #8 filter, for example, about ЁЁ percent of the yellow light is trans- 
mitted to the film, yet a yellow object appears lighter in the print than when 
no filter is used, The reason, of course, is because of the exposure factor, It 
the #8 filter transmits 88 percent of the yellow light and a factor of 2 is 
applied to the exposure, a total of about 176 percent yellow light reaches the 
film compared to the normal exposure with no filter. 

Filter exposure factors are based on the transmission characteristics of the 
filters, the color of the light, and the color response characteristics of the 
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Nu. 15, md tri-color Tanaris йиш 


Мп. 55, tri-color green 
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Logarithms 


Density and certain ather quantities in photography are logarithmic values, 
and some readers may And this confusing. The following is a short descrip 
tion of logarithms, intended ая а review rather than à complete discussion 
al the sulject. Log values can casily be worked eut with onc of the inexpen- 
sive [about $20| pocket calculators that includes log functions, or they can 
be derived using log tables. 

Logarithms can be considered a torm of mathematical shorthand. The lag 
itself is simply an exponent, that is, a power to which another number is 
raised. The commen bogs used in sensitometry are base ГО. meaning they 
represent a power of 10. Consider the wrm 102, it signifies that 10 is squared, 
er raised co the second power, and ies arithmetic value is LOO; The exponent, 
2. is the logarithm of 100. Thus the following sequence: | is the log of 10 
(10! = 101, 2 is the log of 100 [10 = 100}; 3 is the log of 1000 (10 = 1000), 
4 is the log of 10,000 (10 = 10,000), and O is the log of | [109 = 1|. Thus any 
log (a density value, for instance] between O and 1 must represent an arith- 
metic number between 1 and 10; any log between 1 and 2 must represent 
an arithmetic number between 10 and 100, and so an. 

Density is а logarithmic unit. A density of | rust equal an arithmetic 
value of 10 |10} a density of 2 has an arithmetic value of 100 (100, and а 
density of 3 has an arithmetic value of 1000 (10). The arithmetic number 
in this case is opacity. ^ A negative area with density of 2 has an opacity of 
100, meaning that it transmits 100 times less light than an area of zero 
density 

Intermediate values are given in "fractional" logarithms. If. we have û 
density of 1390, tt must represent an opacity between IU and 100, since the 
logarithm is between 1 and 2. This much we learn from the number to the 
left of the “decimal” point (called the characteristic). To find the exact 
value, we look up the antilog of .30 [called the mantissa), and we find that 
the answer is 2. Since the characteristic has already indicated that the value 
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must he between I0 and 100, the antilog af 1.30 must be 20. Thus a density 
of 1.30 equals an opacity of 20; 1/20 as much light will pass through this 
area as through a zero density arca. 

[i there can be said ta be one "most important" log value, it is, for pho- 
tegraphers, 0,30, since this represents the important 1:2 relationship that 
occurs so often. In terms of density, an increase of 0.40 in density represents 
a doubling of opacity; on the log E scale of the HAD curve, an interval of 
[1.30 comesponds to a doubling of exposure — a one-stop change on the cam 
ста, or a onezone change in luminance on the exposure scale. Thus also a 
0,10 change on the log E scale corresponds to а one-third stop exposure 
interval. 

Certain filters, such as the neutral density filters, 7 are calibrated in units 
of density. A neutral density filter listed as NID 0,30 has a density af 0.30 ar 
an opacity of 2; it thus reduces exposure by one-hali ND 0.60 reduces ex- 
posure by a factor of 4, стс, When two such filters are used together, the 
density values are added, while the exposure factors must be muttiplied. 
Thus ND 0.30 plus ND 0.60 together give a total density of 0.90, with a 
reduction in exposure by a factor of В, 

It should be apparent how deftly logs represent arithmetic numbers, Two 
large numbers can be multiplied by adding their logs jand divided by sub- 
tracting them) and then determining the antilog of the sum. In preparing 
graphs, logs have the property that certain geometric functions that graph 
ав а curve arithmetically appear as a straight line on a log scale, Such is the 
case with the density/exposure relationship of the HAD curve, if plotted in 
arithmetic units, instead of logarithmic ones, the characteristic curve has 
no straight line region, but appears as a continuous curve. 
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Avccclerazor, in developers, 184 
Acutance, defined, 20-21, 183 
Adobe Houses, New Mexica, 129 
Adobe House with Chimney, 
Manterey, California, 53 
Agitation, 204-205 
ш roll film development, 113-215 
it tank development of sheer films, 
207-208 
in tay development at sheet films. 
258-212 
Amidol. IHF, £34 
Ammonium thiosulfate, 181—182 
perme, lena, Là 
Artichoke Fare, 108 
Arrificial lighr, 155 
approach qo, 161—168 
шый cross polarisation, 167-168 
and exposure, (37-16) 
and indirect lighting, là4—[à* 
and lighting cube, 1652-164 
types af, 155-157 
See also Flash; Painting with light 
ASA scale, 1H, 39, НЫ 
Aipenn, Mew Mexico, 11H 
Aartarmamen, iditficalties creaped hy; 53 
Axis light, 132, 163-154 


Hack lighting, 132-13: 

Barn ana Fence, Cape Cod, 
Mavaachuseiis, [M 

PB. Eufano and Large Scolmure, an 
Francisca, LÀ] 

Bencotriasabe, 188-189 

"Block Sin." The. Ohwens Willey, 
Califormig, 93 

Hlae-sensitive filme, 21-25 

Thorax, | x8, 19] 

Hounee Hash, 171—472 


Brewster's angle, 114 

üriceluirg Grade, Siera Nevada 
КМШ», 152 

Hrightmess, 1, 2, [3 

Bramides, 185, 189, 204—505 

Bronze Plaque (B. Акалан, 140 

Hutter, defined, 118 


Candles-per-squase-bot, 12 amd n, 
А1 
Catechol, See Pyracateehin 
Cellulose типше. 17? 
Cellulose triacetate, 17 
Characteristic curve, 9—98, 214 
compared with another carve, 88-0 
Church, басгап, California (ke 
Clearing Winter Storm, Yosemite 
National Park, 46 
Clouds, photography of, 143—143 
Clouds, East Side af dhe Sierra Nevada, 
i 
Сага Lounge. Жр. Frances Harel, Sam 
Francisco, 176 
Color, 15—16 
filters, 16 
suratim пй, 15-16 
Containers. darkroom, 201 
Contemporary Alms, 225-226 
Cuntracticm 
and contemporary filins, 225—226 
defined, 71 
and expansion, 71-79, 221-223 
and Inca] cuit, 80—83, 213—275 
Contrast 
filters, 103-111, 119 
gamma and, 68-99 
local, HOB, 131-225 
Cross polarization, 167-168 
Cutting reducers, 244, 247 


Durkreom, [81-1&J, [95 
design of, 155—195 
film processing eiyuaparient for, 
Ж | 
See @ ы Developers 
Darkroom chemicals 
fixer, 191 
hypo cleuring solution, 155 
stop bath, 190-191 
sturage ob negatives, 194 
See alio Developer|s| 
Daylight, qualities of, 125-127 
Dead Tree, inser Carer Mariami 
Monument, Arizona. 141 
Lrisitoameter, 53, 85, 271 
Density 
defined, 17, 85 
Rilmbase-plus: fog, [Eh-F], #7 
net, &7 
Daal Demi Wood, Sierra Nevada. 4] 
Detail, juniper Tree, High Sierra, 
Сао, LA 
Gereloper|s|, 181 
acceleraror in, 188 
compensating, 187-188 
cumponents ol, 167-169 
developing agent im, 187—188 
fine-grain, LEJERA 
formiolas. jor, 253-255 
ligh-energy. 185 
highly dilute, HEE, 225—228 
koming qualities, 189—190 
preservative in, ГЕЙ 
replenishment of, 1889 
restraimer ip, 188-189 
uemi-eempenseing, 187 
special-qiurpese, 185-187, 243-235 
standard, 1&3 
variety id, 182-187 
ABC Pyro formula, 1&8, 233, 255 
Edwal ЕС-7, 183 
Kodak D-7, 233 
Kodak 0-11, 185 
Kodak 0-22, 183-185; 187, LBB, 
190, 2718—1341. 153 
Kodak 0-25, 185-185, 253 
Kxnlak 0-7%, 183, 185, 190, 253 
Kalak Dekial, 234 
Kodak HCI, ERA, 187, 2256, 225; 
253-154 
РОТА, 225, 234—235, 254 
Developanent, 181 
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teeta of increased and reduced, 
ün-o3 
importance: ûl agitation to, 2048-05 
puma], 230-27 ] 
ul poll Aims, 212-115 
tank. of sheet Alms, 206-208 
time and temperature od, 201—204 
tray, ol sheet filme, 209-112 
variations in, H-P 
waterbath and two-selucior, 
119-213. 254 
Dhifuse reflection, 14 
DIN scale, 18 
Dogwrod Asam, Yosernmite Wotton! 
Park, TA 
Dr. Dexter Perkins, Haron, 
Ulmiversity of Rochester, 154 
Dynamic range, 51-53 


Esman Kadak Company, 89, 182, 221 
E win Weston, Cane! (c. T9401, BU 
Eldridge T. Spencer, Architect, Stanford 
University, [ts 
Elecrromagnetic spectrum, 9-10 
Emulsion, thin vs. thick, 17 
EV jexposure value) numbers, Д9 
Expansion 
and contemporary filma, 225—226 
ark contraction, 71—79, 321—223 
defined, 71 
limits of, &3 
amd local contrast, 80—83, 223—225 
Exposure, 25! 
and artificial light, 157—141 
averaging high amd low values in, 
34—46 
defined, 19-30 
emimainig 49-40 
EY numbers in, 39 
factors, 41—01 
wath flash, 169-171 
and E fartar, 42-43 
meters, 40.12 
пет", 16-7 
Precautions regarding metering іп, 
41—45 
reading middle gray in, 33—34 
and reciprocity cheer, 41—42, 45 
threshold, EF 
under, 26—37 
Zone Syapem, 61-47, KH 
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Exposure Formuli, 46-5? 
Exposure Кекин, 6?, 159 
Form, 65, 165 


Fanvily Coran, A 
Father Walsh, Marinosa, Califarmia, 
144 
Fence Detaili, Monterey. California, 73 
Fill-in flash, 172-174 
Films] 
zumpenents al, 16-18 
contemporary, 225—235 
grain size пі, 19—21, 182, 183 
processing equipment, 198—201 
response and Alters, 111—112 
reversal, 45-97 
spectral sensitivity of, 21—15 
speed, 18—19 
storage al, 35-27, ELF 
rest dana, 145—351 
beating procedures, 239—744 
45mm and roll, 74-25 
washers, 200 
washing агы! diving 215—217 
See also Roll thos, Sheet Alms 
Filters] à, 99-100 
color, [6 
combining, 117 
hetan 116-117 
Film response arid, 111-112 
frequently used, L3 
neutral density INDI 115-116 
polarizer, 113-115, L66—168 
skylight, 112 
spectral characteristics, 259-2652 
tricalar, 117-119 
ultzavialet-absorbing (UV). 112 
usc uf contrast, 13-111, 119 
Fine-grain developers, 183-184 
Finer, 191-182, 191-192 
formulas tor, 156 
Kodak F-5, 15% 
Kodak F-6, 356 
Flash, 148: 
bounce, 171-172 
exposure with, b69-17L 
Fill-in, 172-174 
open, 172 
Flowers in Vase (Painting by Henr 
Fantin Latour), 187 
Fluiwescent lamps, 157 


Foliage 
filters for, 109-111 
photagraphy of, 137—142 
Fonecaniles, 11 
Forint, Бит Minaing, Stern Nevada, 
И? 
Foret, Garland Hegional Park. 
California, 227 
Forest, Mount Rinker National Park, 
Wastiimetor, L3H 
Forest, Near Parmi Lobos, California, 
108 
Formulas, chemical, 252-258 


Gamma, ard contrksr, EHH? 

Gate, Trees. Distant Fence, 323 

Genera! Valleios Hore, Valles 
Culiforig. 76 

Glacial acetic acid, 190-191 

Cacher Чыгай. Yosernite National 
Park, 74 

Glycin, 187 

Colen Gate Bridge. 5an Francisca, 
100, ra] 

Gomenechs of the San ferar River near 
Mexican Hint, Лай, 105 

Gossen Luna-Prau, 64 

Graduates, darkroom, 200 

Grain size, of film, 19-71, 182, 163 

Cross and Burned Stump, Sierra 
Меки; 9H 

Gravestime Detail, Son fran Вака, 
California, 58 

Gray, reading middle, 33-34 

Grav Card and Adobe Wall, 14 

Great White Throne, The, Zion 
Майга Mork, Lier, 104 

Cuide numbers, 109-170 


Halation, defined, 17 
Hol’ Domne, Тагата артат, frou 
Glacier Point, IIR 
Hanging Hides, ALE. Salk Go. Sama 
Cruz, Сайті, E57 
Hardener, formula bor, 258 
Kodak 5Н-1, 238, 258 
Haze 
filters for, 106—109 
particulare, 109 
High-energy developers, 185 


Highly dilute developers, 83-84, 
115-2218 

Howse. Pexcadern, (California, 56 

Hydroquinone, 187, 202 

Hypo. See Sodium thiosulfate 

Нурк» clearing solution, 192 


Whitminance. See асет bight 
Image, latoni, 17, 181 
Image management, 7, 9 
image values, 1-7, 9 
шше light (ilblunsinanee?, 10, 10, 12 
metër, [1 
indirect lighting, 184—167 
Intrared photography, 151—153 
Intensification, intensifiers, 235-237 
formulas for, 250—297 
Кена 104-5, 235, 
277, 2565-257 
proportional, 225, X17 
selenium, 192, 133-237, 157 
Interiar, 161 
Interior Door агы Court, Samar, 
New Mexico, 237 
Inverse Square Law, 13 156—157. 154, 
177 
Iron Chandelier, The Аала Hotel. 
Yosemire, 179 
1505 intermarional standard, 18 
diimerami Merced, California, 47 


[hr Monin in bis Saudi, Cliffside, 
NEL. 44 

datin Camacho, Carmel Californie, 
Al 

Juniper Tree, Sierra Nevada, 28 


K factor, 42—43 
Kodak cameras and гл, 4, 22, 
ad, 125 
developers, 183—185, 187, 2240—24], 
345 
and Film storage, 17 
Kodak Process Thenmometer, BM) 
Kodali, 189, 191 


Landscape, photography ab general, 137 
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See ais Natural suhjecra, 
phatigraphy пі 
Lex, Glacier Bay National Monument, 
Alaska, 74 
Lene aperture, 169 
Light, lighting, 9-10. 15-16 
axis, 132. [632—164 
back, 133—133 
defined, 9 
dshiused [shade), 134—137 
incident, 10, 11, 12 
indirect, 163—167 
intensity пй, АП 
painting with, 174—179 
sellected, 1D. 11-14 
transmission af, &5 
See alse Artificial lighe 
Limb effecs, 164 
defined, 133 
Living Roam, 178 
ижа contras, 084, 323-325 
Logarithims, 263-164 
Luminance, | 3 
measurement of, 30-41 
of subject area, L1- 14 
Luni ro SHC, 65-46 


MacDonald Laka, Glacier National 
Park, Mariana, 110 

Madre Sark, detail 8 

Margaret Sanger in her Garden, Tucson 
Arizüng, Mi 

Martha Porter, Pioneer Woran, 
Ordereilfe, Utah, 64 

Маулан Dixon, Artist, Tiera, 
Деш, 75 

Meeting House. Glendale, Utah, 141 

Merced River. Trees, Morning Light. 
Yosemite Valley. 84 

Meters, exposure, 30-42 

peecautbans regarding, 42—45 
in. Zane System, 1-6 

Меин, 183, 187, 202 

Munalith, The Face of Half Dame, 
Yosemite Маната! Park, 1927, 4, 5 

Mounrise, Hernandez, Mew Mexico, 19, 
128, 235 

Mrs. Gone am Porch, Independence, 
Ситни, 140 

Мя. Sheri Sperm. Ег, 
(шїп fc 2927), 21 
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Natural light phopography, 125 
See aim Daylight, Enirared 
Photography, Natural subjects 
Macural ewhjeces, phosagraphy ol, 137 
clouds, 142-143 © 
foliage, 137-142 
general landscape, 137 
ocean, 147-148 
pertraiure, 148—151 
anow, 143-147 
Negativelsl, 17 
concep! od "perfecr, 39 
storage af, 192-193 
Neutral density (INE? filters, 115-116 
Noon, Turnacacuri Cemetery and Ruin 
of Mission, ЕЗЕК 


Duk Tree. Sone, Near Sacri. 
194 

cean, photography wt, 147-148 

pacity, 85 

Open flash, 172 

Crthochrnmatic films, 12-25 

O'Sullivan, Timothy, bis photograph ой 
Grand Canyon, 23, 24 

Cverexposare, 24—47 


Painting with light, 174—179 

Panchromatic les, 22-25 

Peeling Maint, 49 

l'enrax |^ spot mers, АЛ 

теріге, 2313-215 

Phoolon bulbs, 155-1565 

Phyllis Botton, Author, 159 

Polarizers, 113—115, 107-148 

Polaroid cameras and. equipment, 5-6, 
48, 97, 116, 122-123 

Polaroid Land Phaeagrapiry, 97. 122 

Pool Merced River, Yosemite National 
Park, 114 

Portraiture, 148-151 

Potassium alum, 191 

Potassium bromide, 1&8 

Potassium metabiasultare, 191 

Pre-exposure, 99, 119-123 

Preservative, in developers, 188 

Proportional imrenstfiers, 215, 234 

Praparrianal reducers, 246, 147 

Pyro [pyrogallic acid, pprogaliall, 1&7, 
228, 234 : 


Pyrocatechin |catechnol), 134, 255 


Radiation, 3 
infrared, 10 
ultraviolet, 10 
visible. 10 
Ranch at fulien, California. 40 
Ranges, dynamic and textural, 52-5 
Reciprocity etbecr, 4142, 170 
correction for, 45 
Reduction, reducers, 135, 247-138 
cutting, 217 
formulas for, 257—253 
Kodak R-4a, 247, 257 
Kodak R-ab, 117—338, 
25722454 
propomional, 287-239 
superprüpartional, 247 


Reflected light, 10, 11-14 
diifuse, 14 
specular, 14, 109-110 
Resolistion, defined, 20-21, 1&3 
Restrainer, in developers, 188-189 
Reticulation, defined, 101 
Rewersal films, 95-07 
Robinson Ieffers, Poet, Carmel, 
Сайтта, [49 
Rock Pavement mear Terrya Lake, 
Tosemite Nintiomal Park, 78 
Rocks Pelle Reach, Са ети, 120 
Roll films, 93-95. 
development af, 312-215 
tanks and reels kif processing, 138-199 
washing. drying. айк! айпгар ük, 
215—217 


Sand Dunes Саги, California, IRO 
Scales, darkroom, 200 
Scissors and Thread. Son Francisci. 
184 
REL photometer, 45 
Selenium 
intensifier, 135—237, 257 
toner, far negative permanence, 192. 
Senesitomoetry, M 
and characteristic curve, &5-8R 
comparing curves in, ASS) 


defined, 84-85 
and density, 85 
effect of development in, 90-93 
amd exposure in zones, HA 
and gamma anil contrast, 68-80 
See also Zone System 
fentine! Bock amd Oak Tree, Yosermite 
Valley, 140 
Sextan, John, Fall Foliage fram: Conway 
Samenit Overview. 114, L07 
Shade, sunlight ami, 131—137 
Sheet filme 
processing equipment for, 199—231 
tank development of, 2095—0108 
tray development af, 202—212. 
wishing, drying and storage of, 
115-117 
Aera Nevada Pools, АТ, 107 
Silver halide, 17, 181, LEH; E89. 191, 
D 
SU verron, Colorado, 54 
Skylight Alters; 112 
Soow, photography af, 144—147 
Sriw-Dowened Trees Near Badger Pss, 
Үн Манты Park. 1445 
Sodium hisulfite, 123, 191 
Sodium carbonate, [88 
Sodium hydroxide, [88 
Sodium metaborate, LEH 
Sodium sulfate, E82 
Sodium sulfite, 183-12, TER, 190 
Sodium thinsuldate ("уро"), 141-182, 
191 
Solarizatian, 87 
Soligor Spot Meter, fa 
South Rim af Tosemite Walley amd 
Moon, Iê 
Spanish Peaks, Colorado, 144 
Special-purpose developer, 185—187, 
131-235 
Speceral sensitivity, af Alm, 21—25 
hluc-sensimive, 11-25 
arthochromatic, 12-25 
panchromatic, 231—215 
Specular reflection, 14, 1-110 
Speed, film, 18—19 
Spires of Se, Perer and Paul Church. 
Хап Frürncisca, ag 
Spot merer, &3, 159, 22] 
Standard developers, L83 
Stieglitz. Alfred, I 
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Stone ond Wood, Old Burr, Santa 
Cruz, Саййтшлїп, 77 

Stop hath, 190-191 

formula fer, 156 

Storage, film, 25-27, 194, 217 

Strand, Раш, 15 

Stream. Oceano Dies, Califa АЗ 

Student Grup in Library, University 
of Rochester, 160 

Stump and Mist, Cascade Pris 
Ийи Їп, xiv 

Subject contrast, in Zime System, 
GF? I 

^um and fog, Temples Bay. 
Сабж, T 

Sar and Mea in Forest, Tosemire 
National! Park. 230 

Sunlight, and shade, 131—147 

Sumrise. диши Pueblo, Mew Marica, 
134 

Sane, Wordem California Coasr, 865 

Superproparthonal reducers, 136-237 

Sort and Rock: Timber Cove, 
Саена, 147 


Tanks 
develapanent of abert films in, 
206-108 
for processimg roll films, 198-194 

Technical Pan [Kodak Almi, 225 

Textural range, 52-53 

Thermometers, darkroom, 200 

35mm Films, 93—95 

Threshold exposure, 87 

Thunder Cloud, Unicom Peak, 
Yosemite Mationul Park, 124 

Thunder Cloud, White Mountains. 
from the Tungsten Hills Hegian af 
the Owens Valley, California, 143 

“Thyrso circuies, 170 

Timem, darzkrooem, 20] 

Transmission, af light, 85 

Tray development of ahect Alma, 
309-212 

Tricolor filters; 117-119 

Tri-X Ortho film, 25 

Tungsten bulbs in reilecrors, 155 

Two-silutian and waterbath 
development, 229—232, 254 

Two Trees, Yosemite Valiev, 120 
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Ultravialet-abscrhing [UV] filters, 113 
Uncerexpisipe, 28—47 


Value control in processing, 219—220 
aed expansion and contraccian, 
221-214 
aid highly dilute developers, 225—128 
ard intensification and reduction, 
15-1 
and normal development, 250-211 
and water-bath and rwo-solution 
development, 229-245 
Visualization 
concept at, 1-3 
plan for practice in, 3-5, 7, 44 
proklems canbranted in, &—7 
value control and, 219, 330 
amil Zone System, 47, H3 
leat Landscape, Hawaii ic, 19571 
2324 
Vonks ami Rabin, Duna-Planists, San 
Frincisco. 170 


"Walking Tiger" (sculpture hy Arthur 
ШЕЛ 175 

Washers, flm, 200 

Water-hath and {чеген п 
development, 239—252, 154 

Wager jacket, 203—204 

Wavelemeth, 1, 11 

defined, 9 


Weston, Edward, A), #0, 195, 333 

Weston Master meters, бё 

White, Minor, 15 

White Cross and Chinch, Coyote, New 
Myxreo, 110 

Wie Caska (Poul Missam Саая, 
Samii, Califarmial, 1545 

Winter. Yosemite Valley. 145 

Winter Forest, Voaermite Valley, 82 

Wirkroom, 198 


Yellow Pines, Vasermite Notional 
Park, 24] 
Yellow Pines; Yosernite Notional Park, 
RET] 


Zone System, Зб, 47—48 

dynamic and textural ranges in, 
581-53 

expansion and contraction in, 71-82 
exposure, 51-67 
exposure bormula, 665—687 
expose saile, 48-51 
full-scale subject in, 53-59 
place and fall in, 57-59 
and reversal ima, 95—07 
acale ûf zones in, 49-5] 
subject санта in, 67-71 
and 45mm and roll Alms, 93-95 
Sc dlan 5ensitometry 
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PHOTOGRAPHY / HOW-TO: 


Ansel Adams (1902-[984) produced some of this centurv^s truly memorable phr 
tographic images and helped: murture the art of photography throagch his creative 
ингл Ни and peerless technical mastery. This handbook—the second Липа in 
Adams’ celebrated series of books on photographic techniqgues—has taught а 
generation at photographers hir to use Alen and the film development process 
creatively, It remains ax vital дату as when it was First published 

Anchored by a detailed discussion of Adame’ Zone System and his seminal 
conc pt ot visualization, The Megat covers artificial and natural light, film and 


exposure, and darkroom equipment and techniques, Numerous examples of 
Adams’ work clarify the principles discussed. Beautifully illustrated with pho- 
tographs by Adams as well as instructive lime drawings, this classic manual can 
dramatically improve your photography. 


Also available in The Ansel Adams Photography Series: The Comer and The Prin 


“A masterclass kind of guide from an undisputed 
master.” 
—Pullishers Weekly 


“Adams bs a clear-thinking writer whose concepls can- 
not but help the serious photographer.” 
Nei York Times 


Also look for the recently published The Ansel Addams Guide: Beste Tectoenpues of Pini mily, Books Pond 2 
Бу John F Schaeher 


“Schafer has taken on a major task in reworking the 
material to reflect charges in equipment and materials 
while maintaining the thoroughness, attention to detail, 
and spirit of the [original] Adams series." 

—Slhurthertury 


"Build a terrific foundation fnr a lifetime of photogra- 
phy with this two-volume examination of the medium's 
history, bechniques, and masterpieces." 

—thitiloor Plotogragslier 


Front cover Sana! Dues, Chium: Coline $25.04 
Back aner Anan Ашна hy Mami [ась $36.95 in Canada 
L'ireer chest by Jeon Wikre 


Vell ни et abe at ense bette press. tami l'HIXTED EY THE L! 5.4. 


